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FOREWORD CtE#;,. 1.'.T AD
JSE NILT C AS3 " rGUARDS

rhe paramount problems facing the US Army in main-
taining and possibly defending the! US and its interests
in the world in the light of the probable use of atomic
weapons in future warfare have been the primary causes
:or the 4oUewirrg study under the general subject of
Atomic Warfare. Included here are a total of four
annexes which are entitled:

Annex 1: The Effect of Variation of Energy on Atomic
vVeapons Characteristics.

Annex 2: World War II Tactical Situations Analyzed with

Respect to Atomic Weapons.

Annex 3: Atonic Weapons in Army Operations. 1,-A

Annex 4: Atomic Weapons in Western Europe.

An attempt has been made here to expiore'the
.elatively new and vital problem of the effect of using
atomic weapons in conjunction with military ground
operations. Being new, such analyses as the one
presented here leave much to be desired in the char-
acter of the evidenice which can be brought to bear
on the subject. the analysis is predominantly qual-
itative but in many instancce' forecasts the possibility
of more quaatiLative procedures. Despite the fact
of its being preliminary in nature and subject to
revision in the light of rapidly increasing evidence,
this study is presented in the belief that it is possible

"form some important and meaningful conclusions
which will be helpful to the solutions of the more
comprehensive problems of which this atomic study

* is an introductory part.

Attention is :alled to the fact that all restricted
F7, atomic energy data for which specific AEC clear'nce

is required has been remuvedi orn ii. issua in ordter
to facilitate more widespread distribution and use by
military personnel. It it the intent that the remaining,
publisherd information in the following utudv include

UNCLASSIFIEJ
Best Available Copy



.Foreword

those categories of restricted data of primary signifi-
!.ance to the Department of Defense which require wide
dissemination withir the armed forces. Access to
the origir al copies containing specific restricted data
may be obtained by properly authorized personnel by
request through the proper official channels.

Since the original preparation of the manuscript
for this report, developments in atomic weapons
bave transpired which serve to alter somewhat the
tactical considerations set forth herein. In gen.ral.
the use of high KT bombs against large industrial
targets continues to be practical. However, applica-
tions of certain hitherto unavailable, small (less
than 20 KT) atomic weapons against troops in the field
are now possible. These weapons may require bursts
near ground level. The principal novel effects of the
smaller bursts would be improved geometry-that is,
reduced over-kill of enemy troops and increased pro-
tection to friendly troops-and a modified relative
emphasis on blast, thermal, and radiation damage.
Reports discussing appropriate uses of the new
weapons are forthcoming.
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THE EFFECT OF VARIATION OF ENERGY ON

ATOMIC WEAPONS CHARACTERISTICS

SUMMARY

PROBLEM assumed increase for blast areas, i.e., approx-

The problem is to summarize, in a form imately as the cube root of the energy for the

s'.itable for military purposes, the effects of radius.

air burst atomic weapons of up to 100 KT For weapons up tn 100 KT energy, atmos-
of TNT equivalent energy. pheric attenuation on a very hazy day can

FACTS decrease the ground radius of injurious the,:-
mal radiation intensities by a factor of about

Much of the iarge amount of information 2 from the radius for that intensity on a clear
already available (see bibliography) and per- day.
tinent to the problem is neither in a suitable For energies up to 100 KT and detonations
form nor sufficiently complete for direct ap- at altitudes optimized for blast, the radius for
plication to military problems. 50 percent lethal thermal radiation intensity

Consistent with an evaluation of all target for personnel in the open exceeds, even under
systems and weapons systems, it is necessary the mos', adverse atmospheric conditions con-
to examine atomic bursts of all possible ener- sidered, the radius for 50 percent lethal (de-
gies to determine the weapons and weapons lyed) gamma radiation intensity from bursts
systems that would be most effective. optimizing the nuclear effect.

CONCLUSIONS For all energies, the a eas of nuclear radia-

The most effective use of an air burst atomic tion contamination will be a maximum when
weapon of up to 100 KT energy against per- the altitude of bursts is held to a minimum.
sonnel is to detonate it at an altitude opti- For this condition the radius for 50 percent
mizing the blast area. lethal (delayed) intensity increases from 1,260

At the above altitudes, the radii of the to 1,700 yards or a ratio cf 1.35 as the energy
areas of corresponding damage from blast is increased from 20 to 100 KT.
overpressurps and thermal radiation are in- For all energies between 5 and 100 KT, the
creased by a factor around 1.7 and the areas radius for a given intensity of thermal ra-
by a factor of 3 as the enelgy of the burst is diation, determined by optimizing the height
increased from 20 to 100 KT. of burst for blast, differs less than 10 percent

As the energy of the burst increases, the from the radius for a cons .znt 600-yard height
thermal radiation, because of atmospheric at- of burst. The radius of any thermal radia-
tenuation r: -11 as the inverse square law, tion intensity area increases approximately
increases only in a manner similar to the as the cube root of the energy.
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TME EFFECT OF VARIATION OF ENERGY ON

AIC.MIC WEAPONS CHARACTERISTICS

INTRODUCTION nuclear radiation. Th, overiap Pnsider-

Consistent with the development of better ably with respect to the damage caused, the

atomic weapons, it is necessary to summarize numbers of casualties produced, and the total
the effects resulting from the use of such area affected. From blast, in particular,theeffects resuting fromn thel u strut u chs, - considerable secondary damage and casualties
meapons against personnel, structures, te-ar ecudbyfrsfligersalngul-
rain, et cetera, and to show how these effects et caused by flres f u flying debris, falling build-
will vary with bomb energy and certain en- ings, et cetera, which frequently transcend
vironmental conditions. The significance of any direct results from primary blast. It is
these variations to the military tactical use possible to minimize or maximize any one
of atomic weapons will be of paramount im- of the three weapons effects, in preference to
portance to future planning. the other two, by varying the h.glht of burst.

Sormae mterial ofu t hisg typealThe magnitude of the effects will vary aco
Some material of this type already exists cording to whether the weapon is exploded

in a few analyses and compilations' 2 3• of high in the air, on or near the ground, under-
weapons effects and variations of weaponi ground or underwater. In this analysis we
energy. In general, they form the best au- shall consider only the air burst weapon as
thoritative judgments of atomic phenomena It is the only proven atomic weapon. Fur-
in existence. However, for military use in thermore, it lends itself well to a systematiza-
field conditions and field army planning, this tion of veapons effects and a scaling with
information has not been made sufficiently weapon energy. Since nearly all weapons
practicable to apply to military troops in var- so far used have been otploded in this man-
Wa~s types of tactical situatio. The task ner, there is an appreciable amount of re-
undertaken here is to estimate and present corded data. Consideration will be given to
the phenomena and effects of the explosion the factors involved in other type bursts in
in the air of atomic weapons up to 100 XT subsequent analyses. In general, the present
of TNT equivalent in such a way that the analysis Will be restricted to weapons up to
military effects and Implications may be ap- 100 KT a"hough some discussion and data
praised. The following analysis and discus- will be given to weapons above this. For the
sion attempts to summarize weapons effects most part, weapons above 100 ET energy will
from this point of view. The informatimr, sess somewhat different charateristics of
from the known sources is uued together with design, and their effects will be treated else-
additional original treatments, and applied where.
to some specific military tactical 4ituatitns. The height at ws'ich an atomic weapon is

In general, the effects resulting from the exploded will p!sy an Important part in deter-
explosion 'ii • atomic weapon are o! t ee poe ilpm nipratpr ndtrtypes;n namely, blatoi weapradition , ard th mining the effects and the damage srea. It
types; namely, blast. thermal radiation, and w- vary with the particular effect and Its

-- emagnitude desired. The followIrg analysis
'e e rapas "thd Iffects oo949 Aition, AeC. will include calculations concerning optimumTe be declmafile as '"The Effects of Atouc Weap-

ons," pl(,bably Augt,--L 1950 and t•e 'd by the Super- beig"hnts to be uned In various situations.
intezident of Documenta, Cjoymement Printing Of- In general, for an air burs', ap,•roximately
Atce. 19 percent v, tho total e.,gy relea.'d will be

' Technical Study of Destructive Areas, LA-4, 4 instntaneous,; 11 percent of the total will
August IM4"IEmploirmen of Atomic Weapons Against Various come from the fission products, delayed for

Ty;pes of Targets, OB/1'--TE-l1616-A, 29 iJly 1949. periods varying from seconds to years as the

*AD 3
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fission products decay. Of the total released personnel will die within six weeks, and an
energy 30 percent or about one-third of the accumulated dose of 100 roentgens, which is
total instanta.-eous release will go into the dose at which nearly all personnet will
thermal energy, 53 percent or a little less experience temporary sickness of varying de-
than two-thirds of the total instantaneous grees but no deaths. The heights of burst
release wilI go into blast energy, and zbout 6 were optimized for maximum blast effects,
percent into nuclear radiation eq,:ally divided using 600 yards for 20 KT and scaling ac-
between gamma rays _rid neutrons. The to- cording to the cube root oV the ITT energy..
tal energy releabed frora a 20 KT weapon is (Details of this calculation may be seen in
equal to 8.4x1020 ergs or 2X1013 calories. Enclosure A.) Table I and Figure 2 show

the hori7ontal distances as a funcLion of the
NUCLEAR tADIATION KT energy.,

Approximately 6 percent of the t al energy With reference to Table I it is seen that for

is instantaneously released froit~ie explosion a 200 KT weapon exploded at the calculated
of an atomic weapon up to 10 KT in the optimum blast height of 1,292 yards the range

form of nuclear radiations, principally neu- in the open for the median lethal gamma ray

trons and gamma rays. For all practical pur- dose of 400 roentgens is about 1,500 yards,

poses, neutrons may be eliminated from con- and the range for the sickness dose of 100

sideration since the attenuation of neutrons roentgens is about 2,000 ybrds. With increas-

by air is fairly great and, hence, neutrons will ing values of bomb energy the corresponding
be effective only in some cases and only very height of burst for optimum blast increases

close to ground zero, where the other effects more rapidly than does the effective range

are lethal many times over. For the 20 KT of the gamma radiation associated with a

weapon the neutrons are lethal to only 700 bomb. Table I indicates that if blast damage

yards slant range or less than 450 yards from alone is chosen as the criterion of burst height,

ground zero. For energies higher than 20 then for bombs of weight greater than 1,500

KT the neutron intensity at a given distance KT-which would be exploded at heights
will be proportional to the first power of the above 2,560 yards-t ie 400-roentgen level of

energy but still of no practical importance gamma ray dose occurs in the air above the

in comparison to the other effects. surface of the earth, and the dose anywhere
on the ground is less than 400 roentgens.The gamma component of the nuclear ra- Similarly, for bombs larger than 2,900 KT the

diation is effective over a much larger area. radiation dose on the ground is less than 100

Figure 1 shows the curve 4 of the total gamma roentgens. However, beyond 100 KT and the

ray intensity times the slant distance squared corresponding calculated optimum height of

as a function of the slant distance, obtained 1o026syardsgatmospheric conditionsiand a

from data from the Bikini Able burst. Sii.ce 1,026 yards, atmospheric conditions and a
change in weapon characteristics must be con-

the attenuatisn of gamma rarly intenit is ex- sidered, and these will be treated elsewhere.
ponentlal, this curve is nearly a straight line For personnel it, the open, such as troops
from which a lisear equation is easily oh- in the field where there are no or very few
tained. Figure 1 also shows the gamma ra- structures, blast has little secondary or pri-
the slant distance from burst derived from mary effect since the total overpressures pro-
the santv distane folurionsofths der uativron 'iced by an air burst at the heights given are
the above data. Solutions of this equation well below the .anount estim'te. necessary
were obtained to give the slahzt distances and, to have primary lethal effect on man. Hence,
hence, the horizontal distances in yards from in this situation it is more desirable to place
ground zero whera persond ds will receive a the weapon at heights suci that the hori-
total accumulated dose of 400 roentgens, zonal r.nge for ganwrna radir-on wrill be a
which is the dose at which 50 percc~L of Tna�AhI,um. In general, tr:iz optir, ,n height

"'Scientific Director's Report of Atomic Weapons will approach the ground since at this alti-
Tests." Sandstone, Handbook o! Nuclear Explo- tude the burst will spread the radiation over
sions, Volume M, 6 lvM. 1949. the groun• with maximum effect and range.

4



Appendix B Ac 9

e I gurd

- Sandstone handbook of Nuclear Explosion$
1 _ 6 May 19-49. (L~eft Scale)

8 Oata derived from '-r:t curve; in agreement

wit Eepn ffect: Ilundbo-k. Chapter 9.
Fig. 8.3 (Right Scae

l~llI~ -- ---------- lo

f~ TTT> IVYI V7L

7:--

109 10

________71

--jFT~7tT -i

________ -A: -I--

0 500 1000 IbOO 2000 2500 300C 4ui)

SLANT DiSTANCE FROM4 BURST (YASOS)

Figure 1 -Gamma Radiation Intensity in Roentgens from the Explosion o. a 20 KTr Atomic Weapon 1r, the
Al. Ls a Function of the Slant Distance in Yardls from the Bursl;

Sd5



Analysis of Military Assistance Prod~m

FI -- w --4-

LAO

IzI

0) 0

8 0 A 0

6 --A



Appendix B 1946S.. .. . l erac e Required
• •..•, . • nSafeguards

TABLE I
;ARIAT1ON OF TIIE DISTANCES FROM AN'• TABLE II
ATOMIC BOMB OF VARIOUS ENERGIES EX- VARIATION OF DISTANCE FROM AN ATOMIC
PLODED IN THE ATR AT HEIGHTS SCALED BOMB OF VARIOUS ENERGIES EXPLODED IN
ACCORDING TO THE CUB" ROOT 01' THE EN- THE AIR AT A HEIGHT OF 600 YARDS -0
ERGY TO RECEIVE A LETHAL OR SICKNESS RECEIVE A LETHAL OR SICKNESS

DOSE OF GAMMA RADIATI ONT DOSE OF GAMMA RADIATION
HORIZONTAL DIS- HORIZONTAL DISTANCE FROM

IGHT SLANT DISTANCE TANCE FROM ENERGY (KT) GROUND ZERO (YD)
0o (YD) GROUND ZERO

ENERGY BURST (YD) - (For 400 R) (For 100 R)
(XY) (Fo 1 . . 469 856

I (For (FOr (For (R 671 1,039
I\20J I 400 R) 1005R) 400R) R .5 ... 912 1,276

10 .... 1,091 1,461
1 . 221 763 1,045 730 1,018 20 ... 1,276 1,651
2 278 900 1,200 856 1,167 40 .... 1,461 1,845
5 . 378 1,092 1,410 1,024 1,359 60..... 1,571 1, 950
10. 476 1,245 1,530 1,150 1,507 80 .. . , 651 2,038
20 600 1,410 1,757 1,276 1,651 100 ... . ... 1,710 2,101
40 . . . 756 1,580 1,940 1,387 1,787
60 .... 865 1,682 2,040 1, -142 1,848
80 952 1,757 2,125 1,476 1,900 counts, petechiae (small hemorrhage under
100 1,026 1,813 2, 185 1,495 1,929 skin); and in addition, 50 percent of all men
200 . 1,292 1,996 2,380 1,521 1, 999 so exposed will probably die within six weeks.
350... 1,558 2,150 2,530 1,481 1,993
500... 1,754 2,247 2,535 1, 404 1, 906 Many of the men made sick will be incapaci-
1,000. 2,210 2,440 2,832 1,034 1,772 tated for short periods of time and, conceiv-
1,500. 2, 532 2,550 2, 950 302 1, 513 ably, will still be able to participate effectlvely
1,550. 2, 560 2,560 2,960 0 1,485 in the immediate tactical situation. There
2,000 2,784 2,630 3,040 1,221 may also be some delarod effects which would
2.900 3, 152 2,740 3, 1&2 m
10' 4, 762 3,100 3,520 not incapacitate some individuals until later
10' 10,260 3,800 4,225 on.. A dose of 100 roentgens will produc -,
10$... 22, 104 4, 500 4,950 many of the above symptoms but in consid-
I0. 47,622 5,200 5,690 erably milder form and probably win not in-

capacitate more than a few individuals tem-
porarily and will not seriously affect the

The detonation height of 600 yards is con- tactical situation shown in Table II. No
sidered practical against men in the open in deaths will occur from this single cause.
order to clear all trees, small structures, bill-,, A gamma radiation dosage sufficient to kill
trenches, et cetera. For this height a median a man within an hour, or to take him out of
lethal dose of 400 roentgens and a sickness action completely within an hour with very
dose of 100 roentgens will be received up to probably death within a few hours, is esti-
ground ranges as shown in Tablt•. I mated to be of the order of 1,000 to 4,000

Where a tactical military situation is of roentgens Doses of this magnitude may be
short duration, of the older of a few hours received very close to ground zero, but thtFr-
or less, it is necessary to remember that the mal and secondary blast effects .',J be even
gamma radLtion doses used in Table II do more effective in killing a man so close to
not imply the certain immediate incapacita- the hypocenter.
tion of the individual. Tht. 400 roentgens Comparison of the data in Table II with
dosage will make most men sick to varying thce in Table I h,_wczts_-s that u.. to 100 KT
degrees of intensity and for varying periods appiox.mately the same ratimi L'adiation
of time, with symptoms of radiation sickness casualty radii will be produced by all weapons
such as nausea, vomiting, anorexia, malaise, burst at a fixed height of approximately 600
epilation, fever, duia-u'ea, severe thirst, de- yards as bl? the weapons burst at optimum
lirMum, decrease in white and red blood cell heights to maximize the blast effect which

_ 7
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increases as the cube root of the KT energy. o'f all individuals In dry herringbone twill
Despite the fact that immediate casualties uniforms receiving such a dose.
are not caused by gamma radiation except It has been estimated that thermal radia-
clrose to the hypocenter, it is probable that tion of intensities as low as 4.0 calories per
the radiation will have considerable psycho- sq cm within two seconds may be sufficient
logical effect on troops in the viclnity of any to cause burns immediately hospitalizing or
atomic burst. incapacitating more than hp.'f of all indiv!d-

uals in dry herringbone twill uniforms receiv-
THERMAL RADIATION ing such a dose. It is known, however, that

It is cstirnated that approximately one- special clothing can withstand these radiant
enrge and thatate light structuretel andiner

third of the total energy is instantaneously energies and that light structures and inter-
released from the explosion in the air of atomic vening objects can very effectively reduce to e

weapns f enrgis upto 00 K inthe intensity of thermal radiation incident to anweapons of energies up to 100 KT in the individual so that the resultant thermal effects

form of thermal radiation. This radiation i

travels at the velocity of light and is in the may be appreciably less than indicated.

form of a pulse of very great intensity and Atmospheric absorption contributes signifi-
whose duration is extremely short. An initial cantly to the attenucticn of thermal radiation
very high peak occurs in less than one mlili- from an atomic burst. Absorption losses maysecond after the burst, decreasing to a mini- be conveniently expressed by a coefficientmum in about 0.1 second after the burst. which is estimated in terms of visibility as

This is followed by a second smaller peak be- shown in Table III.
tween 0.2-0.3 seconds after the burst. Afi: ITAnLm III
this secord maximum, thi "ball of fire" grad- LIMITS OF VISIBILITY AND ATMOSPHERIC
ually cools by radiation and expansion over ATTENUATION COEFFICIENTS FOR DIFFERENT
a period of several seconds. It is during the ATMOSPHERIC CONDITIONS
phase after the minimum that most of the - IU-rTe OF VISIIUTY
radiant energy from the bomb appears. De- ATMOSPHEKRIC CONDITIC& r KMh)
spite considerable absorption by the atmos-
phere, sufficient intensities of thermal radia- Clear ........................ 10-12-20 0 2
tion are transmitted to kill all personnel in Ilzy ......................... 4-" 0 4

the open to very great distances. Very [azy................1-2.6-4 1.0

Athreshold value for the sensation of pain The figures under Limits of Visibility include the upperAhe l au o hesnaino an and lower Ilmita an well an the mean value.

from thermal radiation is given 5 as 0.14-1.0

calorie per sq cm when received in three sec- Table IV gives the classes of injuries which
onds. Additional information 6 for a 20 KT will be incurred by personnel in selected uni-
burst indicates that ordir.ary clothing will forms for various values of thermal radiation.
burn, producing extensive body burs suffi- The figures given for thermal radiation in-
cient to cause death up to distances of 2,500 clude the upper and lower limits as well as
yards from ground zero. It will be seen from the mean value for a given type casualty.
the followinl analysis and Figure 3 that at
this distan ce the radiation intensity will be The total energy from a 20 KT atomic
6.5 calorie3 per square centimeter. It has, weapon explosion is 8AX1020 erp, of which
therefore, been assumed that thermal radia- one-third is in the form of then'al radiation
tion of intensities as low as 6.5 calories per when the height of burst is below the haze
8q cm received within two seconds will be level. Passage through the atmosphere will
sufficlent to immediately kill more than half attenuate this radiation by exuonenUal ab-

sorption and by thu t',•rs squum oi the tra-
'Atomic Bomb Handbook, April 1, 1949 Series, vernet distance. Hence, the inten•,ay at tJhJs

Clapter 10, Superbedan by footnote 1, radiation will vary according to the equatkvf
'The Inflammabillty of Combat Suit Materials

iith special Relerenesi to Atomic ivnryare, AORO ,
Report No. 0/49.

8
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where Io is the Intensity obtained from the ditions described in Table MII. Figures
weapon energy stated previously, a is the ab- present the results of these calculations. De-
sorption coefficient for the atmosphere, and tails of these calculations are given in En-
r is the siant distance from the burst to the closure B.
ground. Table V summarizes the Information in Fig-

By "special" uniform is meant one which is ures 3-8 for the condition that the troops are
designed specifically to withstand thermal wearing dry herringbone twlr, uniforms. The
radiation. It will be made of materials of horizontal distance in yards, for both lethal
special type and of sufficient thickness so that and incapacitating amounts of thermal radla-
it will not burst into flame but will only char tion, are given for the three atmospheric con-
without burning, thus protecting the skin ditlons. The height of the burst is scaled to
underneath. It should be made so that in optimize the blast area.
such cases it could be easily discarded. It TABLE IV
is believed that practical uniforms can be ESTIMATED THERMAL RADIATION REQUIRED
designed to protect troops from instantane- TO PRODUCE CERTAIN PERCENTAGES OF
ous heat intensities as great as 100 calories CASUALTIES TO TROOPS IN THE OPEN
per square centimeter. The limiting factor IN VARIOUS TYPES OF CLOTHING
is not the rate but, rather, the total energy CLASSIFICATIoN 0F INJURY THENRMAL LADIA2•NO

which can be absorbed by the uniform with- -- A" oxNI (cAoxruS/cKI)

out heating the interior to dangerous tem- 1-A ......................... .. 4-605-10
peratures. I-B ........................... 7-11-16

1-- c .......... ................. 50-100-200
"Ordinary" uniforms will normally include 2-A ........................ 2-

varying proportions of cotton and wool and, 2-B ....................... 34-7
therefore, the thermal energy values of both 2-C ....................... . 7-75-150
classifications A and B in Table IV must be 3--A ......................... 1.5-2-3*5

taken into consideration. 3-B ........................... 1.5--3.5
Soltios o th prceingequtios wre 3--C ............................ 37-5,0-7

Solutions of the preceding equations were iand Injury have the follow-
obtained to dete-m-nine the horizontal distances insg Wa.ncance:
from ground zero at which various degrees of I. Approximately 70 percent fa- A. Dry herringbone
burn damage are induced. This is done for talties. twill.
various energies, the height of burst being 2. Approximately 70 percent B. Wool OD.
optimized for maximum blast area, and for hospitalization.

3. Approximately 70 percent un- C. Special uniform
the three types of atmospheric absorption con- injured.

TABL.E V

VARIATION OF THE DISTANCE FROM AN ATOi.iIC BOMB OF VARIOUS ENERGIES EXPLODED IN THE
AIR UNDER VARYING ATMOSPHERIC CONDITIONS AT HEIGHTS

SCALED ACCORDING TO THE CUBE ROOT OF THE
ENERGY TO RECEIVE LETHAL OR

INCAPACITATING BURNS

HORIZONTAL DIBTAN(8 nMo• GROUND wZweO (YARDS)

HEIGHT OF ENERGY Lethal Effects IncapacitAting Effects
BURST (YARDS) T) Thermal (6.6 cal/cms) (appioxamately Iherial (4 cal/cm') (apnm ,mately70% immediate deaths) 70% eut of

_ _lar Hazy I VeryHazy Clear I Hazy I Very Hasy

378 .... .... 5 ,3W 1,150 8W0 1, 6 1, 400 1,050
478 .. 1 0 1.800 1,500 1,050 2,200 1. 900 1,200
600 ... 20 2,400 2,00 1,280 2,900 2 300 1,620
865 .. 60 3, 500 2, 900 1, 6w0 4,200 2,200 , 900
1,026 . 10 4,200 3,200 1,90) 5,000 3,800 2,170
1,754 500 6,900 4,800 2,460 8,000 5, 600 3.250
2,210.... 1, 000 8,300 5, 500 9,400 6,300
t,762 ..... 10, 04) 13,200 7,900 15,000 8,800

10 ,



Appendix Bm
Appendixo B Bt~quired

100

'40

20

------

201 1 1M i t

. . . ..-. . .

-- - - - -

0 00 1 0O 600800 10000 KT00

YARDS

Flguie 4.-Thermal Radiation Intensity as a Function of Horizontal Distance from
Ground Zero for Atomic Weapon~s of Various KT Energies Exploded at Heignts

Scaled by the Cube Rvot of the Energy



Slpdfl Setl )ata C Ie Re d Analysis of Military Assistance Program
fJWMlitary Classiftcation Safeguards

100 MM' It is readily evident from examination of
these values that above 20 KT a person in the

80 open will receive lethal doses of thermal radia-
- -tion on a clear or moderately hazy day out to

, , 1. ) much greater distances than for lethal doses
60-- of gamma radiation. However, even for a

very hazy day the thermal e..ect will be re-
ceived as far or farther from ground zero
than the gamma radiation effect even when
the height of burst is optimized for the latter..
This definitely indicates the great effec-
tiveness of thermal radiation in producing
mortality or incapacitation of personnel in the
open as compared to gamma radiation. Since
gamma radiation effects are generally delayed,
it is further evident that the thermal radia-

20 tion effects will predominate in producing the
immediate casualties that will influence the
tactical military situation. However, ther-
mal radiation is much more easily absorbed

7 by shielding objects or by special clothing
protecting the individual than is gamma radi-
ation and, therefore, may be substantially

1 •oreduced by proper indoctrination and special
articles of clothing. With such training and

S8• shti.lding it is possible that the thermal and
i -gamma radiation effects can be made to have

-• similar effects on the individual within ap-
6 proximately equal distances from groun i

zero. Without such shielding, thermal effects
should be more effective to greater distances

-5 00 00T - from ground zero than gamma radiation and,
Sbeing more immediate, would have greater in-

fluence on the tactical situation.

For atomic weapon- up to 100 KT energy,
burst so as to maximize the thermal radia-

... tion effects for use against troops in the open,
Table VI gives the horizontal distance in yards

2from ground zero for both lethal and incapaci-
2 tating doseb of thermal radiation. It is as-

sumed that there will be no or very few struc-
tures so that secondary blast effects would
be small, and a practical height & burst of

--- --- 60 yards, which is sufficient to clear all build-
A --- ns, trees, and hills, is employed.

1 [71 Comparison of the data in T7ables V and
0 2000 YARS 6oo00 VI showc. agaLn that .' u smaD difference

YARC in the ground radii results fr:om daing 600
Figure 5.-Thermal Radiation Intensity as a Func- yards as the fixed height of burst of all weap-
tion of Horizontal Distance from Ground Zero for

Atomic Weapons of V-r'.us KT Energies Exploded ons up to 100 KT instead of the heights scaled
at Heights Scaled by the Cube Root of the Energy according to ohe cube root of the KT energy.

12
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Figure 6.-Horizbntal Distance from Ground Zero as a Function of KCT Energy of Atomic
Weapons Expl~odeid at Height~s Scaled by the Cube Root of the Energy for Var~ous Thtu-ma!
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K In the foregoing analysis for gammfla and
S-thermial radiation, the tables have included

T- ---- '--*-- values for weapons above 100 KT, using the
Soosame scaling as for weapons below 100 XT.

71-)1 j Thts data becomes increasingly less valid
£00 as the energy is so increased and the heights

are correspondingly increased, since It has
400 been estimated that thte wera~ons above 10O

1U may release increasing proportions of
thermal energy and decreasing amounts of

50 ~ 10blast and nuclear radiation. Furthermore,
200 - '4--these weapons will generally have different.

INTENSITY (CALO E.IE CN
2
) characteristics arising from differences in de-

sign or nuclear componunts. Above the
_ _ *::411 -~ height of about 3,000 feet, scaling must also

100 take into consideration the atmospherle tLen-
-~-~-- sity. This entire problem of weapon effects

for weapons above 100 XT will be treated in
60- more detailI elsewhere.

-~ BLAST
It is bellieved that approximately 60 percent

of the total energy instantaneously released

~ 'p to 100 KT energy will be in the form of
20 byasth energsyo Tin bath airoducasmich weapon

omerpnessures that It becomes the most efec-

tive agent for Incurring destruction of struc-
bures to avery grem distance from ground
zero, and an important agent in produclrgI0 casualties from tesecondary effects of blast
such as falling buildings, flying debris, fire,
et cetera. In general It has been estimated

- that an overpressure of approximately 400
-psi would be aeoessary tokill aman bythe

action of the prima~ry blast wave. Since the
- i. magnitude of the overpressures from the 20

-. KT weapon burst in the air is well below this
(ery Mazy 0 y'OL..I/KaII at ground zero, At is obvious that blast Is tin-
2 "~'-~- Important for prodiucing primary casualties

among persnnel In the openor trops in the
field devoid oZ' structures. In such situations

41z1{i.secondary casualties ftrom the blast may be
fxpected although the nuflear 9"d thermal

0 10(0 2000 3000 4000 effects are more effective in p-.wdueug casual-
YARDSties

Pigure 8.-1orizonial DW~aee -om Ground Zero ini cuses where structures exosk the over-
gai a Function of XT Enetgy of Atmiuc Weapons Ex- pressures necessary to dest~xoy iho-m directly
ploded at Heights ftaled by the Cube Root of the aud 0o r-uducee other dt~orndary i-dsare
EnergT tot Varions Thermal Radiation TntXua~tlea appreciably lower than those requIred to kill

an individual Based upan information fur-
nished by thie Physical Vulnerability Section,
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TARLF VI

VARIATION OF TlHE DISTANCE FROM AN ATOMIC BOMB OF VARIOUS ENERGIES nXPLODED IN THlE
AIR UNDER VARYING ATMOSPHERIC CONDITIONN AT A HEIGHT

OF O00 YARDS TO RECEIVE LETHAL OR
INCAPACITATING BURNS

. -HORIZONTAL DINTANC11 PROM GROUND YnRO (ARDIS)

ENERIOY 'XT) ILethal (6.5 cat/ems) [ lncapaitatin. (4.0 calem')
_ Clcar I hazy I Very Hazy Clear i hazy Ver. 111y

5.......................... 1,212 1,052 920 1,531 1,321 1.041
10 ......................... 1,765 1,454 2,150 1,862
20 ......................... 2,406 2,000 1,280 2, 00 2,300 1,520
60 ......................... 3,550 2,064 4,240 3,260
100 ........................ 4,280 3,308 1,655 5,07' 3,886 2,420

Strategic Vulnerability Branch, DI/USAP/ Because of phenomena associated wlCi the
AFOIN, Table VII gives estimates of damage to reflection of shock waves fro~m a surface, the
structures of various types in terms of the in- damage area from blast does not maximize at
cident overpressures required. the same height of burst for different over-

Figure 9 gives the distance from ground zero pressures. In Table VIII the values of heights

to the designated overpressure for a 20 KT of burst to maximize the area subjected to

weapon exploded at a height of 600 yards. specific overpressures from a 1 KT bomb were
obtained from LA-743R.T The damage radius
of each overpressure is also given.

TADL E VII

REQUIRED PEAK BLAST OVERPRESSURES PRO- Heights of burst and radii of damage as
DUCED BY AN ATOMIC BOMB EXPLODED IN functions of energy release were then com-
TIHE AIR TO CAUSE VARIOUS ESTIMATED DAM- puted by multplying the heights of burst
AGES TO STRUCTURES OF VARIOUS TYPESm given in Table VIII by the cube root of the

OVER- energy release in kilotons which is the as-
PRESSURE DAMAO- sumed scaling factor for blast. Figure 10

(Pal) gives the optimum heights at which various

28 ....... flalt of all reinforced concrete buildings So KT energy atomic weapons up to 100 KT
badly dminaged as not to be worth repairing.
This imp] lea failure of main structural mom- should be exploded in order to produce the
ber% and considerable distortion of the maximum damage area for each overpressure
building, and within which the overpressure will be

12 ....... Half of all heavy steel franm hulldhegal so
heavily damaged aS not to bo worth ro- equal to or greater than the given values.
pairing. Figure 11 gives the maximum damage dis-

8 ........ Hialf of all light steel frame buildings so
heavily damaged as not to he worth re- tance from ground zero in yards within which
pairing, the overprmqsure is a given amount or higher

6........ Half of all bearing walls of buldings so heavily for the various KT energy weapons exploded
damaged as no, to be worth repairing. nt the optimized heighti for each overpressure

4 ........ Half of all wooden-frame industrial type
buldlings so heavily damaged an not to be as shown in Table VIII. Figuiv 12 gives the
worth repairin~g. More than half of all damage areas within which the overpressure
trees In a me(diumIn denso forest knocked is a given amount or higher for various K•T
down,

1.5 ...... I.alf of all parked aircraft. so heavily damaged energy atomic wiypons t.(itlph , at heights
to their mirframnes as to require major re- optlmlzed for each ovtip•elmure !,: in Figure
pair. Imforo flying again. 10.

0.3 . .. lxteimie ihit for damage to parked aircraft, 10.
No air.raft ounltde this limit prevetted I HeIght ol Burst of AtomIc Bomb, LA-74,h, Plp 31,
from fly..,:. 3 Auguat is ,

16 _ _
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Figure 9 -Peak Overpressurp at Various Distances fro~m Ground Zero from a 20 KT Atomic Weap-
on Exploded st a Height oi 610 Yards (from W~eu puns Effects Handbook. Chapter 3, Figure
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TABLE VIII tl evere damage will occur out to a radial

HEIGHTS OF BURST OF A 1 KT ATOMIC BOMB distance slightly greater than one mile from
REQUIRED TO IMAXIMIZE THE A.vEA SUB- ground zero corresponding to an area of four

JECTED TO SPECIFIC OVERPRESSURES
square miles. For weapons of other energies

II AI)IUS OF these distances and areas of destruction will11• 1 T FI RPRESSURE

OVERPRESSURE (POc'nDS BERST OAI ORSTUT vary as described previously when the heights
PER SURE INCH) SrAT- (STATUTETE MILES) MILES FROM of burst are scaled to maxin.ize ,,he blast effect.

iGROUND ZERO) The accompanying curves, fully describe the
28.0 0. 1 0 142 variati-ms in damage effect for different ener-
12.0 0 175 0 261 gies and scaled heights of burst.
80 0. 212 0. 383 Against structures and personnel in areas
'.0 .. 0. 241 0. 473 containing structures the greatest damage to4,0 .. 0. 284 0. 606

1.5 0 322 1 30 property will come from the explosion of an
03 0 340 5. 50 atomic weapon exploded at a height optimiz-

ing the blast effect since the secondary effects
The iast two lines of Table VIII were obtained by ex- Ot the blast in destroying buildings, in scatter-

trapolation ing debris, and in causing fires from stoves,

OVER-ALL EFFECTS lamps, et cetera, together with the effects of

As stated in Table VIII, the blast resulting the thermal and gamma radiation will pro-

from the air burst of an atomic weapon repre duce the greatest combined damage and per-fronne cauatis Agans persnst of tnatmiowapnpepe
sents the most important aspect of the atomic sonnel casualties. Against personnel or troops

burst as far as destruction of property is con- in the open where there are no or very few

cerned. The relatively long duration of the structures, it has been seen that little differ-
blast wave compared with a few milliseconds ence results in the ground radii of gamma andblas wae copard wth afewmillsecnds thermal radiation effects from weapons up to
for a conventional weapon indicates that, 100 T again sc th heights o p t

whereas in the latter case structures receive 100 KT by again scaling the heights of burst

practically the full impulse of the blast, be- according to the cube -oot of the KT energy.

fore they have time to deflect, in the case of For this range of energies it can be concluded

atomic weapons the peak pressure is constant that the scaled heights obtained by maxi-

over a relatively long period of time and, mizing blast effects will produce optimum re-

therefore, considerable deflection of the struc- sults under all conditions.

tures will take place. According to the scal- Estimates were made of the ranges for 100
ing law used previously, the distance at which percent, 50 percent, and zero percent deaths
a given overpressure is achieved varies and incapacitating casualties for various situ-
roughly as the cube root of the KT energy r, ations, and curves were drawn through these
lease. The area over wficn the shock pres- three points with what appeared to be a prob-
sure exceeds a certain value is thus approxi- able variation in slope. Some error may be
mately proportional to the two-thirds power present, therefore, in a.sing single points.
of the KT energy and will correspond to the Figure 13 summarizes the approximate lethal
area of dc- ...- tion because the length of du- and incapacitating effects on personnel in the
ration of the shock wave is relatively long. open and wearing ordinary uniforms from
In other words, if the energy release is doubled, garmma and thermal radiation fo" . irst up
the blast-damaged area is increased by the to 100 KT for each of three atmospheric con-
two-thirds power of 2 or by a factor of less ditions.
than 1 6. The Japanese expe.'ience in which Figure 14 gives estimates of deaths and in-
a 20 KT weapon was exploded at a height of capacitations among trop.ops a t.-z open ex-
600 yards indicated that virtually compiete posed 2o 0u KT atomic weapon e:aoded in
destruction will occur out to a radius of ap- the air at a height of 600 yards lor situations
proximately one-half mile from ground zero, when either the ordinary uniform is worn or
"-orresponding to ar area of destruction of a special unfui i previously described to with-
about three-quarters of a square mile, and stand thermal radiation. Against men in the

21
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open in ordinary uniforms the effects from tioeps in the open and in fox holes when wear-
gamma iadiation -nd, the'efore, the predomi- ing ordinary or special uniforms.
nant cause of casualties among such men will Figure 16 gives estimates of deaths and in-
be thermal radiation. Where special uniforms capacitations among troops in the open and
are worn, thermal radiation damage is greatly in fox holes located in a medium dense wood,
reduced and the gamma radietior. will pre- corresponding to the Second Growth Yellow
dominate as the cause of casualties. The esti- Pine Forests of North Carchina, rwhen exposed
mates of delayed deaths refer principally to to a 20 KT atomic weapon exploded in the
those caused by gamma radiation. In ad- air on a clear day at a height of 600 yards. It
dition to the average estimated casualties, is assumed that the men are in ordinary uni-
dcta showing approximate upper and lower form. The estimates of casualties are based
limits are shown. Attention is drawn to the on the blast effect on the forest, thermal radi-
overlapping regions in this data. Similar ation including fires, and gamma radiation.
casualty information for any energy burst may These curves represent average values. Be-
be derived. cause of lack of specific information anud to

Figure 15 gives estimates of deaths and in- account for variations in actual situations,
capacitations among troops in fox holes ex- these curves are subject to deviations cl at
posed to a 20 KT atomic weapon exploded in least ±-500 yards in range.
the air at a height of 600 yards for :;ituations The approximate nature of all the preceding
when either the ordinary uniform or a special estimates is to be noted and some caution used
uniform designed to withstand thermal radia- in their application.
tion is worn. This fox hole is considered to CONCLUSIONS
be the smallest practical one the man can I.. The most effective use of an air burst
dig and crouch into. In the present analysis atomic veapon of, o to 100 KT energy against
we have used a fox hole 20 inches uide by 30 personne) is to Aetonate it at an altitude op-
inches long and 54 inches deep. The criteria timizing the :)last area.
used in determining casualty data and ranges 2. At the preceding , ltitudes the radii of
included: the areas of corresponding damage from blast

1., In the first one-half second before the overpressures and thermal radiation are in-
man crouches into the hole, he will receive ap- creased by a factor around 1.7 and the areas
proximately one-half the gamma radiation in- by a factor of 3 as the energy of the burst is
tensity and one-tenth the thermal radiation. increasec: from 20 to 100 KT.

2. The man who cannot fight after one- 3. As the energy of the burst increases, the
half hour is considered a casualty to the tac- thermal radiation, because of atmospheric
tical situation, attenuation as well as the inverse square law,

3. The man in the crouched p~osition in the increases only in a manner similar to the as-

hole present nthe surface of an ellipsoid to sumed increase for blast areas, i.e., approxi-
thoe presonts cmately as the cube root oi the energy for the
the radiation coming from the fireball, radius.

4. The ...ole was estimated to provide a 4. For weapons up to 100 KT energy, atmos-
factor of four hi protectiv.,, ability over the pheric attenuation on a very hazy day cari
corresponding situations in the open. decrease the ground radius of the .r.'urious

As in the case of troops in the open, ther- thermal radiation intensities by a factor of
mal radiation is the predominant cause of about 2 from the radius for that intensity on
casualties among troops in fox holes in ordi- a clear day.
nary uniforms, i'nd gamma radiation for those 5. For energies up ,c IG O •VT a;,d detona-
in special uniforms. Gamma radiation alone tions at dititudes optimizent for 1,i _;t, the
is considered to cause delayed deaths. Upper radius for 50 percent lethal thermal radiation
and lower limits are again indicated, intensity for personnel in the open exceeds,

The last two figureb ;:_'eude also estimates even under the most adverse atmospheric cor-
of the maximum tolerance effect on friendly ditions considered, the radius for 50 percent

O 25
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lethal (delayed) gamma radiation intensity T. 7 r avffw kgif between 5 and vom KT,

from bursts optimizing the nuclear effect. the radius for a given intensity of thermal
6. For ail energies, the areas of nuclear radiation, determined by optimizing the

radiation contamination will be a maximum height of burst for blast, differs less than 10
when the altitude c" bursts is held to a minJ- pereent from the radius for a constant *l00-
mum For this condition the radius for 50 yard height of burst. The radius of any ther-
percent lethal (delayed) iatensity increases mal radiation intensity at ?a increase aj.roxi-
from 20 to 100 KT. mately as the cube root of the energy.
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ENCLOSURE A

DISTANCES FROM GROUND ZERO TO RECEIVE A LETHAL DOSE L DOSE
(40u R) AND A SICKNESS DOSE (19)0 R) OF GAMMA RADYATION -IATION
FROM ATOMIC WEAPONS OF VARIOUS KT ENERGIES EXPLODED 0LODED
AT ASSUMED OPTIMUM HEIGHTS SCALED ACCORDING TO THE rO THE
CUBE ROOT OF THE KT ENERGY USING 600 YARDS FOR 20 KT v 20 KT

From Sandstone Report, Volume III, Fig- When the energy of the weapon is varied, e weapon is -:aried.
ure 1 shows the curve of the total gamma ray the exposure dose of 400 R will be experienced will be experienceu
intenity tinl2s the slant distance squared as at slant distance r given by using a scaling by using a scaling
a function of the slant distance, obtained from factor 20/T since the above equation holds for e equation holds for
data from the iaikini Able burst. Since the at- a 20 KT burst at a height of 600 yards. of 600 yards.
tenuation of garium ray intensity is exponen- Therefore,
tial, this curve is a straight line on semi-log
plot. In general, the equation r ill be of the In -'=In (3.8X10")-In (400>20/T)- it (400X20/T)-
type 2.74 X I(H-r

(r2R)--ae'• or, finally
and the equation of the straight lin2 will be I r+2.74Xl0(r=4n (4.75X10"T) it (4.75X100 T)
given by

CONDITION B: TO RECEIVE •IVE
In (r2R)= In a--mr A SICKNESS DOSE

When r=q). iR=3.8X10 10=a This 'ondition simply substitutes R-100 substitutes R-160
and when r=2,175, rIR=10O in the o0iginal equations and, scaled in the and, scs!cd in the
Therefore n=-2.74,< 10-3 same way, gives the final equation equation

The final equation of the curve thus becomes In r2+2.74Xl0-3 r=In (1.90X10 7 ) (l.90x107 T)

in (r2R)=In (3 8X 1010) -2.74X 10-3r The values obtained for slant distances and slant distances and
CONDITION A. TO RECEIVE A horizontal distances from ground zero are i ground zero are
LETHAL DOSE (400 R) shown in Table 1 and Figure 2 for various KT ire 2 for various KT
When R=400 energies of the bomb, assumed burst at a :tumed burst at a

li r2•=n (,..?X IO")-In 400-2.74X I1-" height given by 600X(T/20) 1/3 yards. )) v/',ards.
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ENCLOSURE B

DISTANCE FROW GROUND ZERO TO REC2IVE A LETH41 DOSE ETHAL DOSE
(6.5 cal/Cl 2

) AND AN iNCAPACITAT'NG DO5F (4.0 cal/cnr7) OF cal/cm 2) OF
ThERMAL RADIATION FROM ATOMIC WEAPONS OF VARIOUS BT VARIOUS KT
ENERGIES EXPLODED AT ASSUMED OPTIMUM HEIGHTS SCALED HTS SCALED
ACCORDING TO THE CUBE ROOT OF THE KT ENERGY USING 600 iY USING 600
YARDS FOR 20 KT

I (cal/cm) o e-a CONDITION B: HAZY DAY, ,ZY DAY,

VISIBILITY 4-6-8 Miles Miles

where 10 is the initial thermalradiatin hb-,
tensity (one-tt -d of the total ¶iT•e1ro a=0.4Km=4.4x10-/Yd. s=4.4X10-q/Yd.
the explosien, r is the slant distance from the T T
bomb to the ground, and a is the coeffilient of 2 In rTln (6.4X 107)--ar--n I+n o 107 ) -ar-ln I+ln T-
absorption of the thermal radiation by the air
in terms of visibility; and I is the intensity 2 In r+4.4X1T-=r-17.9744±jn b-in •-0.17,9744-i-in I-in
received at any point r.

T CONDITION C: VERY HAZY DAY, RY HAZY DAY,
8.4X 1020 (ergs) X2OXe -- rV

--3X4rX(4.1855X-• 1) (er-s/-al-Xr, (cm-) VISIBILITY 1-2.5--4 MILES 4 MIhE
(T=KT energy) a=l.O/Km=l.lX1O-3/Yd. %-=1 XIO-,10/i.

T'. T T'
I 4X 107XTOXear 2 In rý-(6.4X107) ý ar-In I-n =ar-ln I+In To

(r in yards) 2 In r+1.1X10- 3r-17.9744+ln I-lit •-cj1 7 .97 44 ... n i-In T
and 20

T With the heights of burst scaled accq of burst scaled according
r• 6 4X10 7 \20"Xe-r to the cube root of the KT energy, usinthe I'T energy, using 600

.I yards for 20 KT, the values of the horl~e values of the horizontal
CCNDIT!ON A., CLEAR DA_, distances from ground zero as a funct4knd zero as a functi'rn of
VISIBILITY 10-12-20 MILES the KT energy giving various thermal Ing variouL thermal radla-

a-0.2/Km-2.2Xq•- 1iYd. an intensities are shown in Figures 3, shown in Figures 3, 4, 5,
2In (6.4X107)-r-n T and 6. The values of ground distances vof ground distances within

2In rn (20 which a lethal dose (6.5 cal/cm 2) of tlk (6.5 cal/cm 2) of thermal

T radiation intensity will be received are fill be received are shown
2 in r+?.2X l-r- 17 9744-n I-In 2 0 = ) in Table 4.
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WORLD WAR H TACTICAL SITUATIONS ANALYZED

WITH RESPECT TO ATOMIC WEAPONS

SUMMARY

PROBLEM Information on atomic weapons effects is
The problems are to determine the effect not yet sufficiently complete to allow a thor-

of using atomic weapons on certain World ough analysis. This is particularly true of
War II tactical situations, and to set up tech- the effect on equipment. Even when the basic

niques of analysis which may be used in the information is more nearly complete, thp~re
evaluation of atomic weapons employed in will be the further task of applying the basic
ground operations. facts to all the various kinds of equipment.

The natural and artificial shielding afforded
FACTS by terrain, buildings, equipment, et cetera,

Existing reports have emphasized the value complicates analysis to the extent that sim-
of studying the use of atomic weapons in a plifying assumptions are requisite.
number of WWII situations such as Cassino, The work which is reported here Is a first
St. Lo, Bastogne, Anzio, Falaise, Leningrad, approximation only. With few exceptions the
Moscow, Stalingrad, Kharkov, Normandy analysis has been confined to determining per-
landing, Iwc Jima, Crete, Okinawa, Cherbourg, sonnel casaelties.

El Alamein, Volkhov, Orsha, Central Poland

January 1945 Berlin assault, Makin, and DISCUSSION
T.-rawa. A consideration of the effectiveness of

In reco, mending study of these situations, atomic weapons when employed in ground
the sugget-:on has been that the concentra- operations must, of course, include the pos-
tions of personnel and equipment were, in sibility that the next war may be fought dff-
these situations, most likely to be enough to ferently, at least in some respects, than any
warrant the use of atomic weapons. previous war has been fought. A contribut-

Records of several of these situations have ing factor may well be the effect of atomic

been obtained, although in most cas it h weapons themselves. A first approximation
beendifficultto obtaineh infrmaost casesufi- h to the problem could be to first imagine that
cient detail. In some intmna - an atomic weapon was used in a situation
tient detavail. ble In out some I psc es .ne nwhich In all other respects remained the same.
tion was available about some phases. The As a result of this first analysis, changes in
situations analyzed in the enclosures are:, the tactics and in the deployment of men and

Enclosure A: Anzio equipment could be assumed including, for
B: Cassino example, special protective clothing or mox.
C: El Alamein dispersal.
D: St. Lo This has been the procedure in these stud-
E: Volkhov ie.. In most instances only the first approxi.
F: US First Army mation has been made:. that ar, •wmic bomb

was dropppd on the q .;amton as it actually
In addition to these actual situations the existed. It is not pretended that an) of these

Standard Operating Procedures for Offensive studies are complete and final. They do, how-
Action of both the US and USSR are examined ever, seem to afford a profitable framework for
m Enclosure G. some prelim!.•-y conclusions.
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There has been a tendency in the past to both the US and USSR armies. Again it is
assume that on the average the targets set emphasized that for the most part this is an
up by ground operations were not profitable introduction to such analysis. It considers
targets for an atomic weapon. This is be- mainly the effects on personnel and very little
lieved to be a result of the feeling that there the effects on equipment. Even the effects
were very few atomic bombs and that they on personnel are idealized regarding, for ex-
cost very much. Both concepts cre relative. ample, ttrrain effects, to the extent that the
It was noticed early in this work that one estimates are in most rases naxirnum cas-
atomic bomb could do a great deal of damage ualtieq more nearly than -xpected casualties.
on one ihfantr, division. As a result, there
was a tendency not to find the most lucrative CONCLUSIONS
,argets from WWJI but to see what damage A limited number of atomic bombs could
resulted in various kinds of operations. The have been used very effectively in many WWII
Volkhov analysis here is not of the Soviet situ- situations.
ation which is presumed to involve very heavy
concentrations but of the German situation. During the phase of attack and preparation
The US First Army was studied, not for heavy for attack, an infantry division is much more
concentration, but primarily to see what re- vulnerable to an atomic attack than when on

sulted in more nearly average situations, the defensive.
Finally, it was decided to set up a theoretical One air burst atomic bomb dropped with
situation corresponding as well as could be even fair accuracy will cause severe casualties
done to the standard operating procedures in to the personnel of one division of infantry.
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ANZIO BEACHHEAD

OBJECT way through the rugged mountain barr'ers

The object of this sLudy is to determine blocking the roads to Rome. The main de-
whether or not there was P. po•nt at which fensive barrier guarding the approach to Rome
either the Allied VI Co'ps or the opposing Ger- was the Gustav Line extending across tii

man XIV Army could have made effective tac- Italian peninsula from Minturno to Ortona.

tical use of an atomic bomb on the beachhead Buttressed by snow-capped peaks flanking the

at Anzio. Liri Valley and protected by the rain-swollen
Garigliano and Rapido Rivers, the Gustav

CONCLUSIONS Line was an even more formidable barrier

The Allies could have achieved a break- than the Winter Line. Unless some strategy.
through by using an atomic bomb on 31 Janu- could be devised to turn the defenses of the
ary 1944 in the region of Station Campoleone Gustav Line, the Fifth Army faced another
around which the enemy was massing his long and arduous mountain campaign. The
greatest troop concentrations in preparation Allied staffs decided on a plan for landing be-
for a 1 February German offensive. At that hind the enemy lines with the purpose of turn-
same time, if the Germans could have used an ing the German flank, gaining a passage to the
atomic bomb against the Allied forces con- routes to Rome and threatening the enemy
centrated in a narrow salient south of Cam- lines of communication and supply. Two di-
poleone, they could have split the Allied forces visions, plus airborne troops and some armor,
on the beachhea.: in twc, infiltrated among were to make the initial assault between 20
them through Padiglione woods, and probably and 31 January 1944.
driven the VI Corps off the beachhead. Main Fifth Army reinforced by two fresh

Note. It should be further kept in mind that divisions from the 8th Army was to strike at
uniforms specially designed to reduce the the German 10th Anay across the Garigliano
number of burns from the bomb flash are pos- and Rapido Rivers, breach the Gustav Line
sible and very likely to be effective. The use and drive up the Liri Valley. While the enemy
of such unifomns has not been assumed here. was fully occupied in defending the Gustav
Had this assumption been made, the computed Line, the surprise landing would be made in
casualties would have been much lower. Also, the rear at Anzio and Nettuno, about 30 miles
it has been calculated that fox holes offer very south of Rome. The VI Corps was to land at
good protection from atomic bomb effects at 0200 on D-Day, 22 January, and secure the
distances from ground zero greater than 800 beaches extending north and south from An-
yards from ground zero. Finally, or-c should zio for a distance of about six miles in each
remember that the hypothetical weapons ef- direction. After securing the initial objec-
fects amsurmed here are grossly approximate tives it was to be prepared to advance across
and that, within wide limits, no one really the fiat hinterland in the direction of the Colli
knows what the effect of atomic bombs on Laziali hill mass which rises to a height of
troops would be. This study is merely an at- 3,000 feet and controls all routes from the
tempt to use the best available information to zcuth toward Rome. The capture, of Colli
estimate the casualties to be expected-noth- Laziali would block vital enemy aupply routes
ing more. and threaten to cut off the German troops

HISTORICA 1 hlIding the Gustav Line. Thus weakened,the Germans could be forced toe withdraw up
The winter months of 1943-1944 found the the Germ coulde b forced tti inedpawi-

Allied forces in Italy slowly battering their tin Mi itA y t from up the
t.ions. Main Fifth Army %m. to fohow up the

'This account Is frosn: Anzio Beachhead, De- anticipated enemy withdrawal as quickly as
pnrtment of the Army, Historical Division. 10 Oc.
tober 1947 and VI Cormo, Historical Record. Anzio possible, link up with the beachhead force and
Beachhead, January 19.!4. drive on Ruw.e (Map 1).
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THlE LANDING 6615th Ranger Force (consisting of the 1st,
3rd, and 4th Ranger Bn and the 509th Para-At 0200, 22 Jaiuary 1944, the landings at chute Bn) who destroyed existing defense bat-

Anzio and Nettuno commenced and by mid- Leries and cleared the beach area between An-
night of D-Day some 36,000 men. 3,200 ve- zio and Nettuno (Map 2 and Table IX),
hicles, and large quarititic'g of supplies were Although the landing itself was practically
ashore. This represented approximately 90 unopposed, before the end of 1)-Day the U.r-
percent of the equipment an(A personnel of mans were estimated to have V:,000 troops in
the assault convoy and included on the right areas from which they could drive rapidly to,-
or southern± flank the 3rd US mIn Div (con- ward the beachhcad. They doubled the fig-
sisting of the 7th, 151th, and 30th Inf) in the ure by D±2 and continued to increase it to
northern zone, the 1st British Infantry Di- 71,500 by 30 January, at which time the VI

viAon (consisting of 3 battalions and the 24 Corps had 61,332 troops, having been aug-
Guards Brigade and 46 Royal Tanks), and the mented by the arrl,!al on 25 January of the

7 S\
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1st. Combat Team of the 45th Div, the 179th The coastal plain around Anzio is divided
Int, and the 1st. Jarmored Div on 28 Janu- into three major sections. First is a 5-mile
ary. belt of low scrub timber interspersed with

TERRAIN bare, open fields which encircles the port of
Anzio. This waste laud proved of marked

The area over which the VI Corps had made value to our baca-hhead because it both
Its landing is a stretch of the narrow Roman screened the port and teach areas from enemy
coastal plain extending north from Terracina observers inland and affo":L-ed !oncealed
across the Tiber River. Southeast of Anzio dumps and bivouac areas for our troops.
the plain is covered by the Pontine Marshes; North of this wooded section the beachhead
northwest toward the Tiber it is rolling farm area is divided into two parts by the Albano
-miuntr, often wooded, Twenty miles inland road, the main highway leading inland from

"•ror= Anzlo thc plain is bounded by the vol- Anzio. West of the road the plain is cut by
canic heights of Colli Laziali, a 3,100-ft hill a series of stream gullies, the largest of which
mass guarding the southern approaches to arc the Moletta and Ineastro running south-
Rome. East 'if Colli Laziali the mountains west from the slopes of the Collt Laziali toward
fall into the valley by Velletrie, leading inland the sea. These gullies are often 50 ft deep
toward Highway 6 at Valmontone. and proved difficult obstacles for armor.

TABLE IX

HEADQUARTERS VI CORPS
APO 306

Troop List
161200 January 44

Hq VI Corps 540 Engr C Regt
Hq Co Vi Corps Det 6th Cml Dep Co wfdet 11th Cml Maint Co (17

Srd 1-3f DMy Jan)
601st TD Rn 24th Cml Decon Co (17 Jan)
441st AAA AW Bn 66th Ord Am Co
69th Arind FA Bzi Det 45th Ord Bn
Btry B 36th FA Cos A & B 52d Med Bn
7511 Tk Bn Det 2d Aux Surg Gp (3 teams)
84th Cml Br. 1st Sec Adv Plat 12th Med Dep Co
2d Plat 4,8th QM (GR Co Ist & 2d Plats 33d Field Hosp
Det 163d Si. Photo Co (6 men, Co A 504th NIP Bn
Dot Btry B 15th FA Ob:,, Bn (42 men) Dot 85th QM Dsp Co

let lay Div (Bit) lst See 2d Plat 47th QM GR Co
Det 163d Siv Photo Co (3 men) 1st Plat 94th QM Rhd Co
Det r .It Rig -in (10 men) 249th QM Scrv Bn (less Cos A & B)
Det 229th Sig Op- Co (15 wen, 1st Plat 9853d QM Gas Sup Co
Det 57th Sig Bn (19 mene 690th AAA A/B MG Btry
377th MP Escort uard Co (I"- T P•10) 092d AAA A/B MG Bt-v
239th GT Coy (DUKWS) 1st Plat 377th MP Escort Guard Co
l1th Field Cash Office Cos A & D 387th Engr Bn Sep

I See 26L. 4-0 Dot 462d Engr Dep Co (12 men)
Det J Servi.* 74th Sig Co (Spec) atchd;
46th Royal Tk Rgt iBntý Det 212th Sig Dep Co
24th Armed Fid. Regt RA (105mm SI') (Brit) Det 180th Sig Rep Co (12 nte.'
80th Med Regt RA (One Ptry 4.5", One Btry 5.5") Det 817th Sig Port Serv Co

(Britv PDot Brit Sig 1st Inf Div (Brit)
1 Fligit 655th Air u.,P Sq .irtl Medical
Det 719 AASC (Brstjit e val

25th Field Surg Unit (Brit) 'qd Evac Hop

2 Sees 4S5th Army FId. Serv ACC (Brit) 95t' £.,&, HoZp

DeL i, L Reception Camp M.arlt) Det 2d Aux Sur Gp (9 teams)
373d PW Camp (Brit) 52d Med Bn (less Cos A & B)
3d Reach Gp (Brit) 33d Field Hosp (less lot & 2d Plat8) 12th FTU (,Irit)
9th Beach Sig See (Brit) 56th Evac Io i
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TABLE IX (Conr.'nued)

QM JUP
53d 01 Tric Bo (Iesee Co A) Hq & Hq Det 504th MIP P,.
94th QM Rhd Co (less ist Plat) Co C 504th MINI 1 n
3853d QMI GS Co (losLs 1st Pla' w0t~b MIP Co
52d QIM Bi- Mobilt Ertgrs
Hq & Hq Pet 488th Port Bo (20 Jan) Co b 405th Engr WS Ba

189th Port Bu (20 Jan) 3Mt Engr C R-4t (less Co Ii),
189th Port Rn (20 Jan) 39th Engr C Regt
190th Port Bn (20 Jan) 661st Engr Topo Co
191st Port Rn (20 Jan) Cos A & C 387ti Engr Rn (Sep,

6723d Trk Cp, Prov 1 Plat 462d Engr Dkpot Co
C,(, A 249th QM Rij (Serv) (les3 Pet) (on arrivnl)

~oc151h Rwner Force (Prov) 671hA Sig Vo
lot PRsngc d Det C 71st Sig Co (Sp'tc)
3d Ranger Bn Det B 128th Sig (It?) Cn-
4th Ranger Rn Det E 819th Sig lot Serv
509th Prcht Inf Rn #1 Lp Ln Pet (Cipher)
83rd Cmul Rn Peso Cos C & D) Pet 1C,3d Sig Photo Co
Co H 36th Engr C Regt Pet 180th Sig Rep Co
Pet 163d Sig Photo Co (3 mneu) CWS
Det 57th Sig Rn (27 men) Cos C & D b3d Cml Bn

504th Prcht lnf Reg.' Ordnance
376th Prcht FA Rn Hq & Hq Det 41týh Ord Bn
Co C 307th A/B3 Engr Rn 14th Ord MM Co
Pet 163d Big Photo Co (3 mnen) 45ith Ord MM Co

68.' CA egt AA)(lea Sd n)Pet 525Lh Ord Hv M Co (TK)
106th CA RgAA, (Les SdBe 34M7h Ord MMI Co Q()

Dt106th AlA AWn BRn V 58th Ord Am Co
Pet 02dAA in Rry VLA56th Ord Bo~mb Di~sp Sq

FA British Urtits (C'orps Troops)
1st Rn 77th FA Regt 15th Stores Seetion
1-t Rn 36th FA Regt (less Btry B) 2 PCS

Btry B 15th Obso (les Pet) 1548 Arty P1 RASC
Tank Destroyer 15101 Arty PI RASC

894th TD Rn 12 FTIT

L~st of tbe Albano road gently rolling cil)- 24-Zn JANUAIRY
timated fields stretch east toward Cister'ia.
Along this region of open country. extending An area approximately 7 miles deep by 15
north from the first railroad overpass on the ml~es -vlde around Anzio was chosen for con-
Albasno road past Carroceto and Campcletife solidation as the initial Allied bea-chhead. Its
to Colil Lazlali ies the best avenue of ap- 26-mnile perimeter was considered the maxi-
proach in or out of the beaehhcvad, which was mum w~hich could be held by General Lucas'
to be the scene of major Ge-rman and Allied limited forces, yet in'1luae the best natural
attacks. On the east these fields shade into features for defense, The Aillies con'ýohl dated
the northern edge of the Pontine Marshes,' a their position on the beachhead during 24-29
low, flat region of irrigated &klzs interlaced January. By 29 January, the VI Corps had
with an intricate network of drainage ditches, expanded its bteaclxAestd by the ac-.. ces of
T~heir treeless, level expanse offers scant cover the ist ancl 3rd Div but was still from 2 .to 4
fo'r any tioops. and during the rainy seasan miles' short of its two Intermediate objectives
heavy ecquipmncut would bog dov~n in the fields. of Cisterr a and Cainpoleone kMap 3).

The entire area Is spotted with new stand- 11y view 'Ž! the r d' Wcreas~ig enemy
ardized two-s(tory poderi, or farmllouses, build-up, General Lucas decide-d to Idmnch a
standing at frequient intervals along the net- drive toward Colli Laziali on 30 Januazy be--
wvork of pav*eti and gravel roads crissscrossii~g fore his forces rilight be too greatly. outnumn-
£he farm lands. (See ~Supplin;it'nt C.) bered. Fiewc u~rdcr #;20 w'as issued. it em-
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Map 3.-Expanding tbe Beachhead, 29 January 1944

bodied the plan for a Corps attack on 30 Janu- ing east and southeast i;#m Rome. The 45th
ary to seize the high ground in the vicinity of Div, minus the 179th RCT was to prepare to
CoLli LaziLA., ,lock the highway leading south- attack to the north and east on Corps order
east out of Rome, and prerare to continue the (Map 4).
advance on Rome. The 3rd Div with the The Germans originally plarnne ,,ounter-
Rangers and paratroops was to atttack on the attack the Allied beachhead in force on 28
morning of 30 January, capture Velletrie and January. But. Allied bombings of roads and
consoiidate the suxrounding rca, then seize railroads and a desire to await the arrival of
Albano and Cenzano and the surrounding re-forcements fror. ý,('nnny ' d to a de-
high ground and prepare to advance north. cision au 26 January to postpone 1 x attack
The 1st Armored Div, minus Combat Com- until 1 February. In preparation, the enemy
mana B was to advance along the Anzio-Al-
bano road, seize hig" r'round west of Marino 'The Mou ti ing and Initial Phase of Operation
and continue northward to cut the roads lead- "Shingle," VI Corps Historicai Recrd, January 1944.
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proceeded to arrange his infantry and artil- fensive on 30 January forcing the Germans to
lery into 3 combat groups. The principal as- postpone their attack.
sault ;.as to be launcned southward along THE ALLIED OFFENSIVE OF 30 JANUARY
the Albano-Anzio road (with main co.icen-
trations on either side of the Factory) by Corn- ATTACK ON CISTERNA,
bat Group Graeser which would consist of 17 30 JANUARY.- FEBRVARY
infantry battalions heavily supported by ar- On 30 January the 3rd Div launched its
tillery. While the main effort was to be made drive to cut Highway 7 at C.rl,.ýrna 'Map 6).
in the center, the Germans pianned to launch The 1st and 3rd Ranger Battalions were to
simultaneous attacks all along the front with start one hour before the main attack and
their remaining 19 infantry ')attalions, on the infiltrate under cover of darkness 4 miles
morning of D-Day, 1 February (Map 5).. across the fields to seize Cisterna by surprise.

While the necessary regroupings were The 7th Inf was to operate on the left of the
underway the Allied VI Corps launched its of- Ranger Force and the 15th Inf on the right.
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The initial objectives of all three units were escape. Of the 767 Rangers attacked only 6
points on Highway 7. escaped. The 7th and the 15th Inf gained

The infiltration of the Rangers had been but one and one-half miles m the first day's

observed oy nue Germans and allowed to con- attack. By noon of 1 February it was clear

tinue until practically the cntire US force had that the 3 divisions fi•,hting on a 7 mile front

entered the triangular area immediately south toward an objective 3 to 4 miles aw-; dnd ex-
of Cisterna. The Germans occupied the hausted by 3 days of bitter fighting, could

houses along all 3 roads borderihg the tri- not hope to take Cisterna in the face of ever-

angular area as .elU as dug-in i.ositions. The increasing enemy troopb. They dug in, there-

force had been reinforced the preceding nigbt fore. at Ponte Rotto

in anticipation of a US attack on Cisterna. CAMFOLSONE STATION
Suddenly and simultaneously concentrated While General Truscott on the right drove
hostile fire was delivered on the exposed on Cisterna, the VI Corps made its main effort
!%anger personnel and ,'re was no cover nor toward Colli Lziali aloug the Alba'. road.
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The plan provided for the British 1st Divi- man defenses. The light regiment (1st Bn,
sion to breach the enemy's main line of re- 1st Armored) and medium regiment (2nd A~n.
sistarice by seiziog the crossing at Compoleone 1st Armored) were unable to cross the rail-
(Map 6). The US 1st Armored Div was to road embankment because of severe enemy
wait until the British had taken the road fire from the fortified houses some 300 yards
junction at Osteriacci, 1,000 yards north of beyond the railroad. The effort of the 1st
Campoleone, th'm a column of the 1st Ar- Armored and 1st Inf Div to break through
mored Regt (minus t!;c 3rd Bn but with the along the Albano road ha; not ýucceeded.
3rd Bn 504th Parachute Inf, and the 27th While the drive on Campoleone was in prog-
Armored Field Artillery Bn attached) was to ress, 2 battalions of the 6th Armored Inf to-
pass through *he British and attack up the gether with supporting tanks were halted by
Albano road. The 1st Div would follow as extremely heavy small arms and antitank fire
quickly as possible. Meanwhile, the 6th Ar- from Germans entrenched in farmhouses
moied Inf with the 3rd Bn, 1st Armored Regt across the line of advance.
in support, was to seize the two and one-half Thus the Allied attack had reached Cam~po-
miles along the railroa:l bed designated in the leone and opened a 2-mile gap between the
original order as the line of departure and German 65th Infantry Division on the west
then prepare to attack north. and the 3rd Panzer Grenadier Division hold-

The efforts of the 1st Armored and 1st Dlv ing the center of the German line east of
to break through along the Albano road did Campoleone. The Allied troops had driven 14
not succeed. The 2nd Bn Sherwood Foresters miles inland from Anzio to within 5 miles of
and tanks of the 46th Royal Tanks fought Colli Laziali, but they lacked the strength to
their way across the railroad embankment at break through at Cisterna and Campoleone.
Campoleone but were stopped by the 29th The enemy had built up a strong system of
Panzer Grenadier Regiment firmly en- defenses barring the approaches to Cisterna
trenched in the houses lining the road from and Campoleone. Every house was converted
Campoleone to Osteriacci. The commander into a strong point. Peducing each house was
of the 3rd Brigade withdrew his infantry to a small separate opera ion requiring tanks and
allow tanks and artillery to soften up the Ger- tank destroyers to demolish the building be-

r'igure 17.-DUKWa of the Fifth Army Coming Ashore
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Figure 18.-An Ammunition Bunker, Anzio

foGre the infantry could move in. Allied troops incapable of surmom ting the natural ob-
again found, as they had all through the stacles presented by rough streams and gul
Italian campaign, the excellent fortification lies and ground made soggy by repeated rains.
value of the heavy stcn. -u.untruction of On the right flank the route of advance lay
Italian farmhouses. over open muddy fields, offering scant cover

The VI Corps attack out of the beachhead to the attacker while providing excellent fields
had spent itself in the unexpectedly strong of fire for defending troops. Jantury rains
German defenses. It was expected that the made ground movement difficult and low
enemy positions before Cisterna and Campo- clouds during the crucial plriod of our at-
leone were mere:, delaying positions with the tack severely hampered air support.
main line of resistance on the high ground of in anticipation of an enemy offensive, Al-
Colli Laziali and the Lepini Range. Instead lied reinforcements were brought to the beach,
the enemy, appreciating the value of these key the VI Corps by 4 February numbering nearly
road junicu.ons and the limited strength of the 100,000 men, exclusive of service troops. The
opposing forces, determined to make a s-tand Ge'rmans were estimated to have 110,000 meu.
before Cisterna and Campoleone. Every house The enemy build-up had become ,:u '.,reaten-
and village was converted into a strong point, ing that all units by 3 February had begun
and thesc were connected by well-c4moufiaged penarations of defensive positions to meet the
machine-gun nests and rifh pits. Allied expected German assauit.
troops further encountered massed artillery
and Nebelwerfer fire in a way seldom employed ALL TE:. USE OF Aiv ATOMIC PMB
by the Germans in Italy. The Germans had planned a principal as-

Every advantage of terrain lay with the siault to be launched on 1 February southward
enemy. On the left ii&:ak US armor proved along the Al::'io-Anzio road by Combat Group
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A cation Hateaguvds

Figure 19.-An Aerial Shot of Allied Troops Dug in Along Mussolini Canal, 19 February 1941

Graeser which would consist of 17 infantry GERMAN USE OF AN ATOMIC BOMB
battalions heavily supported by artillery By the evening of 30 January the VI Corps
(Map 5). Thus, 17 of the German's 30 com- had 6 infantry and 6 armored battalions in a
bat infantry battalions were distributed narrow salient extending from south of the
around the remainder of the 26-mile perimeter Factory (Aprilia) to Campoleone (Map 6).
and 6 battalions were being held in reserve. Assuming that the 6 infantry battalions

Assuming that 75 percent of these 17 b-t- were in the open, the Germans, by dropping
talions were in. 4"ie open, and thai, the 17 bat- an atomic bomb in the vicinity of the Fac-
talions were on the average a mile and a half tory, would have killed 3,097 Allied soldiers

from ground zero (Station Campoleone), the and hospitalized 030 cf the total Allied in-

troops In the open would have suffered 45 fantry strength of 5,400 men in the vicinity of

percent :k.•,,.hs and 53 percent hospitaliza- the bomb burst.

tions, if the Allies had dropped an atomic Reference to Table X shows how these c.=-
bomb on the night of 31 January at Station ualty figures were computed. T..:- first col-
Campolcone (Figure 14). urnn lists the battalions in the area on the

evening of 30 January. The 6 armored bat-

The way would then prohably have been talions are assumed to be protected from the
open f'or an Allied breakthrotgh and the ob- effect of an atomic .1.b. '.hhef 'iantry bat-
jective of Field Order #20, namely the seizure talienr, .n the other hand, arc as.1 .. ed to be
of the high ground &_:i the vicinity of Colli in the open and unprotected. They have an
Lp.ziali by the 1st Div, would have been average strength of 000 men each, or a total
achieved. infantry f.rce of 5,400 mien. The distnce
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Use '..•tzuy Clauaeetion ethat each battalion would have been from a numerical values computed. (See columns 6
bomb dropped in the vicinity of the Factory and 7 of Table X.)
was mneasured from Map 6 and is given in By wiping out these infantry troop the
column 2 of Table X. B St

The percentage of deaths and hoopital cases Germans might have been able to assume the
resulting from the dropping of the bomb can offensive and drive the Allies from the beach
then be read from Figure 14 and Lhe actual in the next few days.

TABLE X

COMPUTATION OF CASUALTIES-AN7IO

1 1 2 3 4 5 6 7

ESTIMATED ESTIMATED DISTANCE PERCENT PERCENT NUMBER NUMBER
NUMBER NUMBER FROM DEATHS HOSPITAL- KILLED HOSPITAL-

PERSONNEL IN OPEN GROUND (U) IZAI uN IZED

ZERo (w)

yard8
2nd Bn-FOR Inf 900 900 4,260 2 4 7 22 63
1st Bn-SG In( 900 900 2, 030 92 5 7. 5 833 68
lst Bn-NS InI 900 900 4,190 2 5 8 23 72
5th Bn-GG Inf 900 900 2,610 46 5 51 419 459
1st Bn-IG Inf 900 900 1,670 "s 2 882 18
6th Bn-Inf 900 900 730 100 0 900 0
1st Bn-lst Armd 700 q, 4180
2nd Bn-Ist Armd 700 2, 730
1 Bn 46th Royal Tanks 700 3 4.80
3rd Bn-lst Armd 700 3, 130
I Bn-Recce Armd 700 3, 100 ...
I Bn-6th Armd 700 2, 550 . .

Total 3, 079 680
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THE BATITLE OF CASSINO

OBJECT US kl'th Army reached the Gustav Line about
The object .of this study is to determine 15 January 1944. During the preceding

whether or not either the Allies or the Ger- period, Lt Gen Mark Clark's for.,es had driven
mans could have made effective tactical use the Germans from the beaches of the Gulf of
of an atomic bomb at Cassino. Salerno, past Naples across the Volturno River,
CONCLUSIONS and through the Winter Line barrier of moun-

tains. By the middle of January the enemy
Since the Germans were so thoroughly dug had withdrawn into the formidable Gustav

in as shown by the fact that they were able Line behind the Garigliano and Rapido Rivers.
not only to survive but actually were in a On 15 January 1944 this line was garrisoned
stronger position following the exceedingly by the XIV Panzer Corps with the 94th Grtn-
heavy bombing of 15 March in which 1,290 adler Division spread thinly along the Garig-
tons of high explosives were dropped by the liano, the 15th Panzer Division on the upper
Allies, it is very doubtful that the Allies would Garigliano and the Rapido to Cassino, the 44th
have been able to get sufficient enemy troops Grenadier Division from Cassino 4 miles north
in the open to make effective use of the atomic to the village of Cairo, and the 5th Mountain
bomb and secure the use of Highway 6 to Division on an 11-mile front to the northeast
Rome. On the other hand, the US troops from Cairo before the FEC (Map 7),
were not well dug in and were concentrated For reserves XIV Panzer Corps could draw
in an area of less than 6 square miles so that on the 3rd Panzer Grenadier, Hermann Goer-
it would seem that the Gernwans could on 12 ing Panzer Parachute, and 29th Panzer Grena-
February have eliminated all effective Allied dier Divisions. RPgrouping was under way
resistance before Cassino by using an atomic behind the enemy lines to halt the advance of
bomb. the Fifth Army; the 7 'st Grenadier Division

Note. It should be further kept in mind came from Trieste to the 44th Grenadier Di
that uniforms specially designed tn reduce the vision sector in the center, arriving on the
number of bums from the bomb flash are pos- 17th of January, and the 90th Panzer Diviston
slible and very likely to be effective. The use was moving from the 8th Army front to bolster
of such uniforms has not been assumed here. the Garigliano line.
Had this assumption been made, the computed The Ffftb Army front at the beginning of the
casualties would have been much lower. Also, offensive against tfe Gu-tav Line extended
it has been calculated that fox holes offer v-r) more than 35 miles from the Tyrrhenian Sea
good protection -om atomic bomb effects at to the Abruzzi National Park in the central
Oiqtances from ground zero greater than 800 mountain divide. Fifth Army had seven di-
yards from ground zero. Finally, one should visions and early in February got as reserve
remember that the hypothetical weapons ef- the New Zealand Corps made up of the 2nd
fetts ass• .... here are grossly approximate New Zealand Division, the 4th Indian, and the
and that, within wide lirvits, no one really British 78th Infantry Division. The Fifth
knows what the effect of atomic bombs on Army could expect neither substa,',,., US re-
troops would be. This study is merely an at- inforcements nor reserves to be available to
tempt to use the best available information support the attack on the Gustav Line.to estinate the casualties tc be expected-N
nothing more. TERRAIN AND ENEMY )EI-.XNSES 10

River, -no mountain n•usses mak- the ter-
INTRODUC•ION rain of the Gustav Line one of the raost diffl-

The Italian campaign had been in progress "History of the Fifth Army, Part IV, pp. 5-8 (CON-
,or slightly more tlbqn 4 months when the FIDENTIAL)
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cult for offen8e in all Italy. In part the Gus- area of the Gustav Line are Highway 7 along
tav Line was based on watercourses and in the coast and Highway 6 orl the north side
part I, took advmntage of the mountain wasses of the Liri Valley. A north-south road from
flanking the Liri Valley on both the north Atina to Highway 7 follows the Secco and
and south. The Rapido, Garl, and Gar-gliano Rapido streams, passes through Casmino and
form a continuous curving line from Mount then follows along the west side of the Rapido
Santa Croce on the north to the Tyrrhenian and Garigliano Rivers. All of this road south
Sea on the south. of Cassino was under Ger--an e.'ntrol ai-

Beginning in the Fifth Army zone at Mount thG-h illh.ect to our artillery fire. North
Marone, the Gustav Line ran southeast to of Cassino the road was under enemy observa-
Belvedere Hill (721 meters) and then south tion and artillery fire. Most of it from Atina
to Monastery Hill (510 meters) which was to the Rapido ran through enemy territory.
crowned by the Abbey of Monte Cassino that There were in general fewer and less care-
overlooked the city of Cassino. From the fully prepared defensive works at each end
valley floor 40 meters above sea level at Cas- of the Gustav Line than in the center. On
sino, the hills on the west side of the Rapido the north the mountains themselves were re-
rise steeply to the great bulk of Mount Cairo mendnus obstacles. Here the enemy followed
(1,669 meters) four miles northwest to Cas- the customary practice of siting many mor-
sino. Beyond Cassino the Gustav Line ran tars and machine guns on the reverse slopes,
behind the Rapido and Gari to the Liri and while automatic weapons in well-camouflaged
west of the Garigliano through the rough and emplacements covered the forward slopes.
steep mountains centering at Mount Majo Mine fields blocked natural avenues of ap-
(940 meters) on to the sea at Mount Scauri. proach and every trail was swept b: machine

The two principal routes leading into the guns.

ngare 20.Casalo Area
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The strongest portion of ahi line w'a5 known with wire, felled trees, concrete bunkers, and
tu extend from thE village of Cairo south to steel-turreted machine-Min ettplaeeMen 4,.

Sant' Ambrcgio cin the Garigli~nnc Above Observation posts in me mou~ntitins and in
Cassiiiu the wat-,r of the Rapido had been di- the abbey perched on Monastery Hill gave the
verted onto flat giound east of the river mak- enemy a perfect view of the approaches to the
itxg the area tou soft for armor. The ap- Rapilo.
p1'oaces to the river weie extensively mined. Cassino was rorc strongly fortified than
Bands of vire were stratched al,ý,ig the west any other city thus far enco intered by tlhe
banik and more mine f!.1ds were Isid bctwaen Fifth Army in Italy its stone bunciings and
the river and the mountains. Very carefully narnow streets were admirably suited for de-
constructed emplacements were blasted and fense. Snipers and troops with automatic
dug into the steep, barren slopes west of the weapons were garrisoned in strategically lo-
river, Large enough to contatn living quar. cated buildings, 'gachirae-gun empiplcenlents.
iers for troops, ihese concrete and steel fortift- reinforced with ioncrete and steel railroad ties
cat ions could withAstand dtr&-t hists by artillyery were concealed within the buildings, Self-
shells. Concealed communication trenches propelled guns and tanks guarded every ap-
led to machinie-gan cimplacpinents. Field of proach to the town and a series of hills andi
fire were cleared and so inter-lockeci as to comn- rldges provided close-in, defenses behind the
mand all approaches from the east, Steep town. On the slopes of the hills were nunier-
slopes seamed with deep ravines were numer- otis machine-gun emplacements blaoted out of
ou~i in the mountains north and northwest of the rock. Th-e north-south roads from Cairo
Cassino; this terrain was thoroughly organized to Sant' Ella anid Highway 6 from tile South-

Figure 21.-View of Cassino, 6 February 1944
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Figure 22.-Interior of German Bunker Constructed of Three Feet of ReInfoiced Concrete on All Sides
and Top, Roof Supported by 8 x 8 Inch Planks and Railroad Rai1q Inside ard Outside oi the Ceiling

east were mined and covered by artillery, mor- strongly organized while automatic weapons
tar, and Nebelwerfer fire. The muddy plains or forward slopes covered possible approaches.
to the east were thick with mines and wire. The enemy, quick to shift reserves where

Though lacking the advantage of Cassino, most needed, could operate behind a mask of
the Rapido line south to the Liri Val!ey was hills; nearly every daylight move by Allied
also thoroughly organized. Mines and wire forces toward the Garigliano could he observed
guarded the approaches from the east. Othef by the enemy west of the river.
mine fie.ds and r mre wire lay west of the river. The Italians considered the area as an im-
Pillboxes and machine-gun emplacements in pregnable obstacle to any army attempting
stone buildings cuvered the fortifications. Ar- to capture Rome from the south. The Ger-
tillery and Nebelwerfers farther up the valley mans were dc Lermined to prove the validity of
and defi!z.- 1.. in high ground on either side that assumption.
could cover nearly every foot of the river.
South of the Liri Riv.,r the Gustav Line was STRATEGY
less strongly fortified than the Rapido sector. The Fifth Army was to "make as strong a
Here too there were extensive mine fields and thr',st as possible towards Cassino and Frosi-
wire barriers, .t'ee pihlboxes anL concrete bunk- none shortly prior to the asseuli. 1anding (i.e.,
ers, but the enemy depended upon the moum- aL Ai-.zio) !3 uliaw in ,t'-._ny rpser•,o- which
tains which he considered to be practically im- might be employed Lgainst the landing forces
passable to turn the scale against the Allied (at Anzio) and then to create a breach In his
troops. Again, the reverse slopes were front throuoh which every opportunity will
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Figure 23.-One of the Crude Shelters Built by Soldiers Who Fought for HanpMan's Hill near Monte
Cassino

be taken to link up rapidl3 with the seaborne Thus, as a result of the decistov to land cm
operation' 1 (14ap 8).. The 8th Army was to Anzio, the Fifth Army was com,.ted to a
make what amounted to a holding attack to strong attack on the Gustaz Line at once.
prevent the Germans from transferring divi- Ge.,.eral Clark's plans for the attack were
sions from the northern sectoL of the front to issued on 10 January, the scheti1le being:
that opposite Fifth Army.

12 Jar-.t.a;Y--FEC dn•e uon enemy'- left to-
"Operations Instructlok No. 32. General 1 R ward Sant' EIla.

Altxander. 2 January 1944; reproduced in History
of 5th Army, Part IV, Appendix A (CONFIDEN- 15 January--I Corps drive in the center to
TUAL). take Mount Trocchio.
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Figure 24.-During the Artillery Bombardment of Cassino the Cassino Castle on the Small Hill In the
Foreground and Lhe St. Benedictine Monastery on the Summit Above Were Unharmed by Amerean

Shelling, 6 February 1944

17 January-X Corps attack to envelop the Corps captured Mount Trocchio on the same
eneryy's right by crosskig the day, The British X Corps attempted the
Gangliano In the Minturno area croasing of the Garigliano River on 17 Janu-
and pushing rapidly north to- ary. By 8 February the X Corps bridgehead
ward San Glorgio. Simultane- aeross the Garigliano had reached its limit.
• usly X Corps was to establish The outer defenses of the Gustav Line had
a second bridge: 3ad at Sant' been breached and the 46th Div of the X Corps
Ambroglo to protect the left had captured about 6 square miles nirtheast
fhank of the H Corps. of captued about 6 Div w ast

18 January-II Corps frontal assault over the of Castleforte. When the 56th Div was sum-
Rapido in the virinity of Sant' m'rn.!n to reinforce the Anzio beachhead, the

Angelo in Teodice. plan to drive up the Aonlia V1ll1e ws aban-
22 January-VI Corps ianding at Anzio to donedi and 'I X Corpb .-- ,n the d1cofnsive.

threaten enemy's rear. The bridgehead was to prove Invaluable in the
The French (FEC) forced the Germans to May drive but it was of little immediate value

evacuate Sant' Ella on 15 January; the II in breaking the Gustav Line (Map 9).

53



use~l. r P?4Ifttued Analysis of Military Assistance Program
U,-?WWII#M

545



Appendix 8

-nI-t si M,4

10 CORPS ATTAC

ACRM*GMC-UA

Ma S.-OCArLE tc cos h aiian,1 au~-8Fbu~y1



Not~i -1-vi Analysis of Military Assistance Program

W=INO~

IA -

IIr

r CROS9NGf de R.APIDO ~~

I ~IJ

Map 1O.-Crossing the Rapido, 2()-22 January 19414

56



Appendix 8B101ae O c R E " ISM 'ute sono mirtd so"*
Use MItI1a-ry g~~1, uaxd3

THE 36TH DIVISION AT RAPIDO in large areas near the stream. During the iam. During the
11;e 36th Div was to carry on the principal period 20-24 January heavy dense fog covered dense fog covered

mission of the II Corps by establishing a the Rapido Valley during most of the night, aost of the night,
bridgehead !'i the Sant' Angelo area as far during the morning, and during the early during the early

afternoon. After 1400 the fog thinned some- fog thinned some-west as Pignataro (Map 10).. Then, on Corps' what and by 1600 visibility had reached 700 had reached 700
order, Combat Commuand B of the 1st Armored to 800 yards A -ý,ort time after zundown the ifter sundown the
Div was to pass through the bridgehead and fog closed in again.
attack toward Aquino and Piedimonte. The 7 he 141st Regt and the 143rd Regt at- • 143rd Regt at-
91st Cay Rcn Sq was to screen the left flank tempted the crossing on the night of 20-21 ie night of 20-21
during this exploitation. On the Corps' right January and again on 21-22 January. On -22 January. On
flank the 34th Div was to demonstrate in con- the first attempt 2 companies from the 1st iies from the 1st
junction with the attack of the 36th Div to Brn of the 141st Regt and the 1st Bn of the ;he 1st Bn of the
hold the enemy on the Cassino front. The 143rd Regt crossed to the west bank but had rest bank but had
34th Div was also to prepare plans to attack to withdraw because of heavy casualties. In vy casualties. In
Cassino from the east or from the south the second effort, the 143rd Regt succeeded d Regt succeeded
through the Sant' Angelo bridgehead, or to in getting & companies of the 1st and 2nd the 1st and 2nd
pass through the 36th Div to continue the Bn across and the 3rd Bn, and the 141st got and the 141st got
Corps' effort on the northwest. In brief, the the 3rd Bn across but by 1900 of 22 Janu- 1900 of 22 Janu-
plan called for a wide envelopment south of ary, only forty men from the Fifth Army re- ie Fifth Army re-
the Cassino position, turned to the east side, all the rest having I the rest having

The Rapile Rive- south of Highway 6 is a been killed, captured, or wounded. ounded.
narrow but sv..;,t st, eam. Varying in width The strength of the two regiments of the regiments of the
from 25 to 50 ft, it flows between nearly ver- 36th Div taking part in this attempted cross- , attempted cross-
tical banks 3 to 6 ft high. In January the ing and their losses are shown in Table XI. vn in Table XI.
water was from 9 to 12 ft deep. Sant' Angelo The crossing on the night of 20-21 January , of 20-21 January
is built on a 40-ft bluff above the west bank was preccded by heavy artillery fire from the Ilery fire from the
about midway between Cassino and the Liri- 133rd FA En, 132nd FA Bn and 68th FA Bn i and 68th FA Bn
Garl junctions. This bluff slopes to the north giving close support to the 143rd Regt and - 143rd Regt and
and south; there are no bluffs on the east side 12 other battalions from division artillery and ision artillery and
of the river. The town, therefore, gave the Corps firing in the area on time schedule but time k.?hedule but
Germans observation over much of the river in general support of the division operations ivision operationt
and a large area to the east. Observation Companies B and C, 2nd Chemical Bn were 3hemical Bn were
posts in the Abbey of Monte Cassino provided used to thicken the fire of artillery 12 artiiiery.' 2

perfect coverage for the area between Mount By 20 Junuary the enemy forces in this area forces in this area
Trocchio and the Rapido. Fiox to the cross- were:
ing ao rain o. consequnce had fallen for ap- 104th Panzer Grenadier Regiment-from Regiment -from
proximately 10 days but previous continued Higbway 5 to a sh
rains had so soaked the entire area that the g oort distance south of Sant' ice south of Sant'
flat areas which stretched on both sides of Angelo;
the Rapido River from 2 to 600 yards were 143rd Rcgt (36th Div) -- Operation In Italy-Jan- ration in Italy--Jan-
soggy and impassable for track laying vchicles uary 19441.

TABLix XI
36TH INF DIV--OPERATION IN JANUARY 1944

Wi-iST RI-,GT - 43RD REOT FRI RECT

0 O I ,;o j EM " We { EM Wo I EM

Total prelent duty 1 January 1944 230 5 3, 549 207 5 3. 581 5 3, 583
Losses, battle casualties 52 0 1,007 4G 0 919 0 919
Losses, nc,.h-Attle casualties 21 0 507 13 1 586 1 586
Present for duty 31 January 1944 157 5 2,032 147 4 2,074 4 2,074

57 57



SSpecific Analysis of Military Assistance Prrilitary Asý tarxc Program

115th Reconnaissance B &on-0 ht with the additional advantage of bl.al advantage of barren,
of 104th Regiment, opposie W rtino rough, and step mountains overlooking luntains overlooking all ap-
Creek: proaches to the Rapido. The entireRapido. The entire plain

1st Battalion, 129th Panzer Grenadier Regi- soggy from heavy rains was impassable lains was impassable for ar-
menw, in the pocket between the Gari and Liri mor except by the construction of co# construction of corduroy
Rivers; roads. Many irrigation and drainage d)tion and drainage ditches,

211th Grenadier Regiment-southwest of extensiv- mine fields on each side of h 5eds on each side of the river,
Piedimonte in reserve, and bi..bed -eire added greatly to cladded greatly to the in-

By the evening of 21 January the enemy had fantry's difficulties. Once across the 1. Once across the Rapido,
brought up these reinforcements from the the troops would face a line of pillboxece a line of pillboxes, dug-
rear: outs, and reinforced stone houses alored stone houses along the

211th Grenadier Regiment-between High. base of the mountain from Hill 213 to Clin from Hill 213 to Cassino.
way 6 and Piopeto Creek; From these positions the enemy had fiens the enemy had fields of

3rd Battalion-104th Panzer Grenadier fire which completely covered the rivelely covered the river flat.
Regiment south of Sant' Angelo; The 133rd In wa.: to capture Hills %s to capture Hills 56 and

115th Reconnaissance Battalion side slipped 213, the barracks area and the road to CQea and the road to Cassino
with the Liri-Gari pockett. .-. uth of the barracks. It was to be rehiks. It was to be reinforced

The attack had been a costly failure. In- by the 756th Tank Bn, the 937th FA BVBn, the 937th FA Bn, and
abilty to follow through with strong reinforce- Company D, 2nd Chemical Battalion. Chemical Battalion. The
ments aid supplies, lack of visibility for more 135th Inf was to maintain direct piessXaintain direct pressure on
effective artillery fire on enemy counter- Cassino and be prepared to attack Ctepared to attack Cassino
attacks, and disruption of communications by from the north. The 168th In was to fhe 168th In was to occupy
hostile fire were all contributing factors for an assembly area 1 mile east of the bat mile east of the barracks
the fdailure, but the main reason for failure was during the nights of 24-25 January, prof 24-25 January, prepare
the enemy's extremely strong and expertly de- to pass through the 133rd and go on tie 133rd and go on to cap-
fended fortifications west of the r;ver."j ture the division objectives, Mount Castojectives, Mot nt Castellone,

THE 34TH DIVISION AT RAPIDO Sant' Angelo Hills, and Albaneta FarmF and Albansta Farms.
24-29 JANUARY All 4 of the division field artillery batltrn field artillery battaliwis

By 22 January, the tactical situation required plus a battalion of 155mm howitzersof 155mm howitzers flom
that Fifth Army modify its plan to break Corps Artillery (937th) fired a 30-rV37th) fired a 30-minute
into the Liri Valley. General Clark therefore preparation, aided by the 3 cannon comPby the 3 cannon companies
directed that II Corps attempt to anvelop Cas- and the 8U0th Tank Destroyer Battaliofl Destroyer Battalion.
sino from the north. The FEC was to change Tie 133rd succeeded in getting the 1lcied in getting the 1st, 3rd,
the direction of its advance and turn south- nrid 100th Bn across by 2P January but 4 by 26 January but 11 had
ward toward Terelle anrd Piedimonte. This •o withcaraw to the opposite 'ank sirne opposite bank since no
shiff would throw Tr' weight of ihe FEC to armor succeeded in getting .cross to sA getting across to support
its extreme left a,,a might weaken the Cas- them. The 168th Inf t1 .i passed thlInf then passed through
sino defenses by developing a threat to the ',- 133rd and made th- nain effort on 21 the main effort on 27 Jan-
enemy's lines of supply and communications. uary assisted by tl-' 756th Tank Batt.alle 756th Tank Battalion.
On the left of the French, the 34th Div (Map By 0915, 27 January only 4 tanis mary, only 4 tanks of the
11) would cross the Rapido and advance south, 756th Tank Bn succe-ded in crossing leceeded in crossing to the
sending one column dow:, thc road into Cas- west bank r' I le river (the 756th Tarriver (the 756th Tank l3n
siao while the other forces went through the had 54 tyiediiim and 17 light tanks a,adl 17 light tanks available)
mountatns to take high ground deminating bu. were out of action by 1300. Two welon by 1300. Two were de-
the town and deboach to to,; enemy's reax stroyed by enemy rcct gne oneroclhct grenades, one suf-
near Pitdimonte. ,.. ed a or a-,, tr-ck when It h•t a i-inek when it hit a mine, and

Defensive posit, osis were simrrii' W those the ifurt!b stu: :" near the crossing ,':-,ar the crossing when it re-
g£tardig the ?Rapxdo River south of Cassino turned for more ammunition. Yet the itmunition. Yet the tanks

,-'History ot the Fifth Army, Part IV p 48 (CON- had succeeded in clearing lanes for tirlearing lanes for the n-
")- C Yr. AL). fantiy., By dawn ot 28 January 2 plaof 29 .."anuary 2 platoons
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from the 168th Inf were dug in midway be- the river bed made an excellent tank ap-
tween Cairo Village and the Rapido. pruach.

A combat team was formed to renew the at- The strength of the 34th Div that made this
tack on 29 January. One company and 1 pla- crossing to the north of Cassino was:"4

toon of the 760th Tank Bn were added withar
the 75t FABn n drec supor. -4 January if1 Januaryjthe 175th FA An in direct support. All of the 168th Regt 3.291 "2, 815

Corps engineers (235th Enginpcr, Bn and 133rd Regt 4

1108th Engineer Group' 'were in jupport. The (Ist and 3rd 13B) 2 40 2,143

2nd Bn, 168th Inf, was to make the main ef- 100th Bn 832 574

fort toward the saddle between Hills 56 and 135th Regt 3, 226 3, G82

213. One company of tanks was to precede __ 9,829 8,614

Uhi infantry. On the left the 1st Bn and a * I February.

platoon of tanks were to bake Hill 56, while THE FEBRUARY DRIVE ON CASSINO, 1-12
the 3rd Bn with another platoon of tanks FEBRUARY
would advance to the north of Hill 213.

The plan succeeded. The 756th Tank Bn TERRAIN AND ENEMY DEFENSES

played a deci si;e role J' forcing the issue when At the beginning of February the tactical
23 tanks coming down the dry yiver bed from situation on the southern front was fairly
the Corps' boundary turned west at about clear from the enemy's point of view. At-
1600, 29 January. The infantry then struck tacks by the Fifth Army revealed the plan to
the battalions in columns following in the turn each flank in order to pave the way for a
tank tracks and by 1845 all 3 battalions of the breakthrough in the Liri Valley. The criti-
168th were at the base of Hills 56 and 213. cal points were Sant' Ambrogio and Castle-
The 2nd and 3rd Bn captured Hill 213 be- forte areas south of the Liri and the hills
fore dawn on 3t0 January and the 1st Bn tool' around Cassino.
Hill 56. By 1130 a platoon of Company K In this region the mountains rise abruptly
aided by a platoon of tanks captured Cairo from the valley floor 4hlich has an elevation
Village and with it the headquarters of the of about 40 meters above sea level. Four
131st Grenadier Regiment. miles to the northwest of Cassino, Mount Cairo

The 168th Regt met opposition from the rises 1,670 meters (5,500 ft) above sea level.
German 44th Division. It was learned that About half of this district extending more
the 132nd Infantry Regiment (German) had than 2 miles west and 3 miles north of Cas-
been in position on Hill 213 down to the town sino was the scene of some of the bitterest
and that the 31st Infantry Regiment (Ger- battles fought during the Italian campaign.
man) had been in Cairo and to the north. This small area of 6 square miles held the

The 168th Regt remained in defensive p,, enemy's forces defending Cassino and the
sitions on 31 Ja..uary, 1-2 February while the northern entrance to the Lfri Valley. Mount
135th Inf Regt and the 133rd Inf Regt ex- Castellone (771 meters) and Sant' Angelo Hill
ploited the break which it had made in the (575 meters) marked hi. western limits of the
Gustav Line. Cassino defenses. The greatest enemy

It seerms evident that if the German de- strength la: south of Majoia Hill near the
fenses had been strong erough to hold off the center of the district. Monastery Hill (Hill
tanks, the attack could not have been made. 5iW), and more than a dozen hili- snd knrobs
As a tank obstacle the Germans were depend- close to it, dominated tihe town. Hill 593,
ing upon an area flooded by the diversion of about one-half mile to the northeast, was the
the Rapido Rver. But US eigineers had been outer bastion of Monastery Hill in that direc-
able to construct a tank crossing further north tion. This in itsec % as tt,.t,'d by Sant'
in the bed of the Rapido River which the Ger-
mans had dried ulp Dy destroying the dam. 1 His.tory 133rd In! Regt, 34th Inf D•lv JanuaryBy blowing up part of the river bank by the 1944; History 135th Inf Regt, 34th Inf Div Januarydam and another i,,., further down stream, 1N4.
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Angelo 1ll and Majola Hill. The ridge run- Bn, most of which was attached to the 36th
ning northwest to Cassino had three impor- Div, planned to advance through Cassino to
tant points, terr-mating in Castle Hill (Hill seize the highway south of the town.
193) on the western outskirts of the town. During preparatory fire preceding the in-
Hangman's Hill (Hill 435) three-fourths of fantry attack on 1 February, elements of all
the way up the buut•iwestern slopes of Mon- 3 tank units were to advance to positions im-
ustery Hill was another key point mediately around Cassino to provide close-in

There is practically no timber in this area. fire on enemy strongpoints
Some slopes are terraced; cultivated fields oc- The 34th Div made important gains in the
cupy some of the narrow valleys; and deep first three days of the February drive (Map
ravines are numerous. The few trails wind- 12). Approximately one-third of the critical
i:,g among the mountains could easily be coy- area northeast of Cassino was in its hands
ered by machine-gun fire. All positions were and both infantry and tanks had won a slight
mutually supporting, protected by mine fields, foothold in Cassino itself. But the closely-
and stiungly fortified. This terrain and the packed fortifications of Cassino and Monastery
enemy's use of it gave him an all but impreg- Hill stood as one of the most formidable en-
nable fortress. Nevertheless, the Fifth Army emy strongpoints yet encountered by Fifth
had to attack to force its way into the Liri Army troops. Three main drives in the next
Valley and the attack had to be made by troops nine days failed to produce the breakthrough
already near the point of exhaustion after to Highway 6 about a mile away. The ex-
several weeks of hard fighting. tremely bitter fighting had reduced the corn-

Enemy troop movements brought added bat efficiency of the 34th Div to a critical
strength to these positions. The 211th point.
Grenadier Regiment reinforced by the 132nd The 36th Div which had been relieved south
Grenadier Regiment was responsible for Cas- of Highway 6 by the 2nd New Zealand Divi-
sino itself. The 134th and 131st Grenadier sion on 6 February moved around to the right
Regiment, the 191st Grenadier Regiment and of the 34th Div in preparation for a capture
the 8th Panzer Grenadier Regiment held the of Piedimonte from th(, northeast. The 143rd
vest of the sector from south to north. Inf assembled in the vicinity of Cairo on e

February, the 141st at Ciccerelle and the 142nd
FIFTH ARMY ATTACK at Castellone. The division had as its imme-

General strategy of the II Corps drive on diate objectives the capture of Albaneta Farm,
Cassino remained unchanged in February. Hill 374, and Hill 593. An Patack on 11 Feb-
The 34th Div continued its thrust from the ruary did ivot succeed, and after repelling an
north and Combat Command B of the 1st A'- unusually persistent counterattack, the divi-
mored Div prepared detailed plans for 'Je sion by 13 February passed over to the defen-
ployment into tl.- Liri Valley if Cassino fell. sive. The 36th Div, after its losses on 20-22January, was more than 3,000 infantrymen

The 1st Tank Gp attached to the 34th Div understrength.
had the xin-ion of spearheading the Liri Val- Heavy losses had been suffered by the enemy
ley drivo - 'I supporting the infantry with but his ability to rush reinforcements forward
fire and movement.'" The 756th Tank Bn was to meet the Fifth Army thrusts had been dce-
assigned to support the 133rd Inf Regt ad- cisive. Although there was little c- "-epancy
vancing south from the barracks; the 753rd in numbers between the opposing forces, a
Tank Br was to support with fire from the numerically inferior force in such strong
east, then move into Cassino; the 760th Tank mountain defenses still would possess a great

advantage.
"In addition to the armor, the 1st Tank Gp on I By 1? ;. ebruary, the 11 Co,-ps was " .-hausted

February comprised the 77eth Tank Destroyer Bn; and relinquished the battle to tlie New Zea-
596th Armored FA Bri, Company C, 48th Engineer
Combat Bn, and Troop B, 91s,, Cay Reconnafssance land Corps, all but one US battalion being re-
oquadron. lieved by ,',h1 end of February.
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POSSIBLE USE OF AN ATOMIC BOMB BY elements of the 168th but still in posi-
THE GERMANS AGAINST THE FIFTHI tion to support the attack of the 168th

ARMY ON 12 FEBRUARY 1944 Inf and 141st Iuf by fire and move on

On 12 February the Fifth Army had 2 divi- Hill 593 after all enozm3' elements had

sions along a 3-mile froi., in an area of 6 been cleared from the Hill.

square miles (see Map 13). 3rd Bn--Precarious hold on point 445.
The exact position and Strength of each Strength By the end of 4 ". ebruary some

regiment was as follows: rifle companies were down ',o
34th Division 50 percent of fighting strength

The 3rd Bn alone had suffered
168th Regt 165 casualties in the first four

Ist and 3rd Bn-in position of Hills 445 days of February. The fight-
and 450. mg strength of the regiment

2nd Bn-In defensive position in the vi- was sap.ped as a result of con-
cinity of Hill 593. A provisional rifle stant, sustained fighting foi a
company was formed on 10 February period of 48 days. The rifle
under command of the commanding companies had an average
officer of the antitank company from strength of 50 men with some
7 men from Hq Co, 8 from antitank down as low ?s 30 men pres-
and 15 returned from the hospital. ent for front line duty, 688
The company on 11 February went to casualties were suffered from
Mount Majola and were held in re- 1-14 February so that on 12
serve. February, there were approxi-

Strength: The effective strength of the mately 2,394 men in the regi-
rifle companies on 10 Febru- ment.
ary was: 1st Bn-154; 2nd Thus the whole 34th Div has
Bn-393; and 3rd Bn-246. an effective strength on 12
During the night of 10 Feb- Februai of approximately
ruary, extra drivers of the 3rd 6,500 men.
Bn were attached to Company 36th Division
K and the antitank platoon 141st Regt
and extra drivers and clerks of 1st Bn-Vicinity of Hill 593.
1st Bn were attached to Coin- 2nd Bn-Dgfensive position on Hill 706.
pany B, The effective strength 3rd Bn-Vicinity of Hill 593.
of the regiment was reported Regimental CP, '/'2 mile northeast of Hill
to be 1,923 men on 12 Feb,,a- 593.
a.,. (See Table XII for Strength: At 1100 hours 11 February, the
sample of effective strength batta"u"os ,.,ere 60 percentreport.)bat.o ,er133rd Regt understrength The 1st Bn

had 10 officers and 66 enlisted
1st ano ird Bn--in west half of Cassino men and the 3rd Bn, 12 officers

with the 1st Bn on the left flank of the and 9A enisted men The op-
3rd erational st...ngth report for

2nd Bn-(100th Inf)-in regimental re- the 36th Div shows for the
serve in the vicinity of Hill! i65. 141st Regt:

Strength: 2,3!7 men Enlisted
135th Regt ,Ncers Men

1st Bn-On right of 2nd Bn to the north- Prescnt for duty 1
west of Hill 445 Feb 1944 175 2,631

2nd Bn--Had dropped slightly back from Losses: Battle cao-
Hill 593 being !e,,eved on Hill 593 by ualtie. 1-29 Feb 24 237
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Enlisted Enlisted
Losses: nor-battle Officers Men Losses: batt le cas- Officers Men

casualties 19 304 ualties 1-29 Feb 16 281
Present tor duty Loes: n=n-battle

29 Feb 1944 132 2,090 casualties 12 108
So that approximately 2,200 efticers and Present for duty

men were present for duty 12 Febraary. 29 Feb 1944 11) 1,685

142nd Regt Therefore in both the 34th and 36th Divs
1st Bn-On Mount Castellone. there were appoximately 12,800 men (6,200
2nd Bn--On west slope of Hill 593. in the 36th Div and 6,600 in the 34th Div).
3rd Bn-Prepared to repel a Germfn TABLE XII

counterattack on the 2nd Bn or to re- HEADQUARTERS 168TH INFANTRY
inforce position held by 2nd Bn on UNITED STATES ARMY
Hill 468. In reserve in position sup- APO L4

porting 2nd Bn at G 832226 the 2nd s-1 Effect,- Strength 'teport,

Chemical Bn, Co B was at G 857229 No. 12 r:-xm:. 0001 hrs 12 Feb 1944
minus one pl itoon. To:, 2400 hrs 12 Feb 1944

Strength: ThE strength of the battalion Place. 848258,1:25, 000
is -ts follows: 1st Bn 398 of- SUB UNIT OFF o WO w NL•WENI TOTAL

AlcErs and men; 2nd Bn 100, 1. Effecive Strength
and 3rd Bn 30.• (on 15 Febru- of Command"
ary). The Division Opera- Rcetl Hq. 15 1 16
tional strength repo.t gires the �eadquarteft(Co 5 0 133 138Service Co. 12 2 112 12b
following: AntitaniE Co 4 104 108

Enlisted Cannon Co 6 113 119

Present for duty 1 Officers Men MedicaJ Det 10 06 lO6

Feb 1944 152 3,224 Hq Co 1st Bn 9 115 124

Losses: battle cas- Company A 1 16 17
Company B 2 21 23

ualties 1-29 Feb 28 641 Company C 1 15 19
Losses: non-battle Company D 4 i ,p 134

casualties 1-29 Hq Co 2rd Bn 9 112 121

Feb 24 378 Company E 5 65 70
Compaiy F. 4 32 36

Present for duty Company G 5 121 126
23 Feb 1944 100 2,205 Comnany H 6 156 162

So that the approximate average .trez.gt:. Hq Co 3rd Bn 11 121 132

on 12 February .aas 2,200 men. Company 1 4 75 79
Company K 2 60 62

143rd Ilegt Company L 52 56

1st Bn--On Hill 706 at point 836275. Company M 5 144 149
2ndl -I-. -Tn reserve at point 888211 near 2. 3 1. 7T.16 ,9 2.1Cairo. 2. Roaton Strenqthl.

168th lnf 2. '23
3rd Bn-Defending Hill 706 at point Division Hq

838242. 34th Sig Cv I Z

Strength: The regiment's cffcctive fight- Arty Liaison 10
!ng strength averaged 1,800 -09th Med Bn

officers and men, as seen from Miscellaneous 40

the Divisional Operational ....
strength report: o~i - O.N Dis TO i e Fy ir

Enlisted 3. Dtached Sertce Within Dtvsion"

Present for truty i Officers Men Divis:on Hey, 0
Feb 1944 147 2,074 34th QM Cu . 24
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US troops were not dug in • ing out many of the personnel in thtn 34th and
mans as borne out by the following quota- 36th Divisions.
tions: A bomb dropped south of Majola Hill (Map

"A strong criticism is, that. in the usual 13) by the, ermnans at a height of 600 yards

American style, since the impetus %,as always would have killed 6,374 and hospitalized 1,33.4

forward, no artificial defenses had been of the 8,778 US soldiers in the area between

erected. No wire, no mines, no obstacles and Cairo and Cassino.

precious little improvement of individual shel- Reference to Table XI11 inaicates now these
ters, has been accomplished during the twelve casualty figures were determined. The first
day occupancy of the position (1-12 Feb.). column gives the battalion strength of the 18
This, I believe, is common with U.S. troops battalions of US troops whose positions were
and must be overcome. D'fenses must start known along the line on 12 February. The po-
immediately with occupai -y and improve sition of 4,122 soldiers were thus known.
ment must continue until the position is Moreover, the Effective Strength Report of
abandoned." 16 the 168th Regt (see Table XII) indicates that

"The following are difficulties most usually in addition to these rifle companies, there

encountered: The need for greater use of en- would be within the adius of the bomb burst

gineering and pioneering units to constantly additional troops belonging to regimental and

improve front line poritions, including not only battalion headquarters, mecdical detachments,

weapons emplacements but even fighting holes service companies, artillery liaison, et cetera,

for specific purposes such as sniping or obser- amounting to a total of 4,637 men for the two

vation. Dynamite, TNT, Beehive Mines, and US divisions which are known to be within the

similar explosive aids arc not used sufficiently area but occupying positions not definitely

ii. our attempts to place fighting holes into known. The artillery battalions themselves
yrocky soil. Battalions and Regi- were across the Rapido River approximatelyextremely rould have theion s onnel 2 miles west of Cassino and therefore out of

ments should have their own personnel rneo h ob netmt ftenm

trained to employ such explosives to the great- range of the bomb. An estimate of the num-
ber of men in each of the non-rifle companies

est advantage in organizing, a defensive line
even when such organization is merely a short is given in column 1 (,f Table XIII. Since 91

interlude prior to resuming the attack within six regiments reported approximately the

a day or SO." 17 same total effective strength (i.e., 2,2G0 men),
it is assumed that the distribution of men in

The weather from 5-14 February was r_- other than rifle battalions are similar to the
ported to be rainy, cold, and on some days distribution or such men in the 168th Regi
snow and visibility ranged from fair to poor. for which we have the detailed strength re-
But on 12 February the we. .her was report,. j port of 12 February, shown in Table XII.
as "rain and l, et continued in the early In the third column of Table XIII, the dis-
morning but before noon the weather cleared. tance in yard. that each rifle battalion is
Through the operation (12-13 February) it known to be from ground zero is read from
remained cold." 18 Map 13. The 4,637 troops known to be pres-

It would seem probable. therefore, that on ent but whose actual positions cannot be de-

the morning of 12 February an atomic bomb termined (e.g., medical detachmcnts, service

could have been dropped by the Germans wip- companies, et cetera) are distrib',.... propor-
tionately in the neighborhood of each bat-

Col U. E. Lynch, Col 142nd inf, Commanding. tal~on.
Quoted from Operctions ,n Ital. , 142nd Inf Rcgt, Knowing, therefore, the darza'-cre that each
36tUz Inf Div, February 1944.

"Lt Col John C L. Adams, Commanding 141st grntage of deatis f ou) d heopo, the per-
Inf. Quoted from Operatzoms in Italy, l41si Inf ccntage of deaths (u) annd hospitalizations
Regt, 36th Div, February 1944 (w) can be read from Figure 25 and the ac-

"Operations in Ital". 142nd lIn! Regt,, 36th Inf tual numerical values computed from Table

Div, February 1944 XIII
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TABLES XIII

COMPUTATION OF CASUALTIES-CASSINO
11 2 1 ,3 4 56 7

SDSTANC'E iNUMERICALJ I1Ot1P
51NI RCAL. DEATHS, AZ) DEAThS 10Ftt]¢;r1 FHOM GROUND' STRF.NMT:1 DNTYS AND D1T~, NoS..511M610 IN I NO.

___ ____ _Z_ E ___ES __r, I W

1680h- Yd C/ TO

1t Bit 193 . 1, 263 411 100 411
21,d Bnt 394 '145 839 100 83'
3rd Bn 1.820 737 96 4 7.1 30

133rd,
1st Bn 200 2,780 476 34 ; '2 5 147 223
2nd Bn (100th,' 200 1,840 426 96 4 409 17
3rd Bn. 200 2,810 426 26 58 111 247

135th..
Ist IYh 200 1,070 426 100 426
2nrd Bn 200 900 426 100 426
3rd Bn 200 1,810 426 96.5 3.5 411 15

141st:-
6~t Bn ,6 1. 330 162 100 1C2
2nd Bn 100 1, 710 213 97 5 2 5 209 5
3rd Bn 106 1,210 226 100 226

142nd.:.
1st Brn 398 3,020 848 20 30 170 254
2nd Bn 100 1,040 213 100 213
3rd Bn 309 445 658 100 658

143rd..
1st Bn 300 i, (80 639 93 5 6.5 597 d2

2nd Bn 300 3, (020 639 20 30 128 191

3rd Bn 300 3, 040 639 19 5 48. 5 125 310

Total 6,374 1,334

I Hqs Co:, Strengeh IIq:, Sirenglh
168 138 [35 15

133 138 Ist Bn 125

135 138 2nd Bn 125

141 138 3rd Bn 125

142 138 Hq:.
143 . 138 141 15

Service Co. 1st I'n 125
1(8 126 2nd Br 125

133 126 :trd Bn 125

135 126 lq
141 1251 142 15

142 126 1st Bi 125

143 126 2nd Bn 125

M, d Det: 3rd Bn 125

168.. 106 Hq:,
133 106 143 . 16

13q ;06 1st Bn 125

141 1 t,:, ? ,I Bn 125

142 106 3rd Bn. 125
143 10G Arty Liaison 15

ITq 168 10
!68 15 15

3  10
Ist Br, 124 135 10
2nd 13n 121 1t i .0
3rd Bit 132 112 10

Hq.. 143 10
133 15 Total 8, 759
lt Bv M25
2nd Bnt 125
3rd Bn !25 Total whose position is known 4, 122
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* Appendix B o Ird Secret

But even though an atomic bomb would 1200; from 1300-1500, 18 tons were dropped
have killed or hospitalized all but 1,170 of the on the Cassino railroad station; from 1345--
8,759 US troops present in the Cassino area, 1630, the Colosseum area south of Cassino was
it would not be obviously advantageous for hit with 44 tons; and between 1500 and 1700,
the Germans to have used Lhe bomb then be- the forward slopes of Monastery Hill were hit
cause they were not in a position to exploit with 10 tons. Another 34 tons were drop'ed
their resulting numerical superiority. They on miscellaneous targets.
were well dug in, in defensive positions, and From 1200-2000, the terrific artillery con-
apparently could hold their position without centration by 890 pieces took place, 195,969
resorting to the use of an atomic bomb. rounds being fired.

But the tremendous weight of bombs and
TIAE NEW ZEALAND CORPS AT CASSINO artillery fire on 15 March did not destroy the

AND RESULTS OF 'TtjE BOMBING OF enemy's defenses in Cassino and on Monastery
CASSINO Hill. Protected by cellars, steel and concrete

The New Zealand Corps was formed spe- pillboxes, caves, and tunnels, the German
cifically for the Cassino battle from the 2nd troops suffered comparatively few casualties
New Zealand Division, the 4th Indian Division, (see Supplementary Miscellaneous Data im-
and the British 78th Infantry Division. mediately following).

All but one battalion of the US infantry on After tho terrific air and artillery blows, the
the front 'line werettalieved by the U eninfaNew Zealand Corps made the first effort on

the front ua were relieved by the end of Feb- the ground to capture Cassino. i.t the end
ruary by the New Zealand Corps. of 3 days, most of the ridge from Castle Hill

THE 15 FEBRUARY BOMBING to Hangman's Hill was in Allied possession,

OF THE ABBEY two-thirds of Cassino had been captured and
the line extended south beyond the railroad

On 15 February the abbey was destroyed by station. The key to the situation was still
576 tons of bombs but its usefulness to the Monastery Hill. The 1/9 Gurkha Rifles on
enemy was only impaired. After each wave Hangman's Hill w .re less than 500 yards from
of bombers passed over heawv artillery fired the abbey and less than 300 yards separated
on the target. II Corps Artillery fired a sere- the 24th and 25th New Zealand Battalions
nade of 266 rounds at 1030. Ten 240mm how- from the southern edges of Cassino. Short
itzers and tweaity-four 8-inch nowitzers fired as these distances were thehi forces were un-

5 rounds each; twelve 4.5-inch guns and able to break through,
twenty-four 155-mm gun- fired 4 rounds each. The New Zealanca Corps had 24 infantry

When th, bombing was over, enemy troops battalions; the enemy had 14. There were
occupied Hill 593 and so regained without ef- about 16 enemy tanks in Cassino at any one

fort, a key position that had been the scene time and possibly 90 were available in the Lii

of much bitter fighting by Allied units. On Valley; Allied armom included 579 tanks, 59

16 Febouary 24 tons of bombs were dropped on armored cars and 128 self-propelled guns. In

enemy positions in the same area. spite of this impressive superiority in air, ar-
tillery, Infantry, and armor, naln- by the Al-

Gains were small and lines changed but little lies were these: a few more biocks of court-
from 12 February to the end of February. yards and walls, Castle Hill and a precarious

Fron th cn ofFebv~sr unil 5 Mrch hold on the railroad station (Map 14). Our
there was a lull in the fighting while both ror ou t railra station;Mp1  Oub

siesrerope.armor could n• . .! e,,pý6,Yefectively be-
sides regrouped. c se of cratered roils, sogg,: ground, and

THE 15 MARCH BOMBING debris. Tanks could not get through the
Or. 15 March, 1,184 tons of bombs were rubble and water-filled creters proda.. ad by

dropped in and around Cassino from 0830- the bco.'iings. Engineers could not dlear the

69



ed Analysis of Military Assistance Program

15-23A NZ~cA:

~~Uo 22O MARCH

Mae 14.-TheLANew ZelnCCrsatCRPS.1- ach14

70R0



Appendix B illf pI1r d Ucre$

way until local resistance had been elimi- PROBABLE INEFFECTIVENESS OWFECTIVENESS OF AN
nated, but the infantry o...,ed tanks to clear ATOMIC BOMB USED AGAINSIB USED AGAINST
the strongpoints holding up the engineers THE GERMANS 3 GERMANS
Artillery fire could not destroy the we~l-pre- It does not seem probable that an a~rprobable that at, - burst
pa~ed pillboxes, so strongly built that some atomic bomb would have been any nid have been any more ef-
withstood ren direct bomb hits. The prox- fective :-i routing the Germans than %he Germans than the 1,290
'mity of our own troops to the enemy also uons o0 oomu: dropped on 15 March. )ped on 15 March.
hampei ed the artillery. The Germans, in contrast to the Alliwcontrast to the Allies, were

The entire Fifth Army attack on the south- entrenched in extrernply well-fortifle*emPly well-fortified posi-
ern front had been disappointing in its results. tions, cellars, steel and concrete pigl and concrete pillboxes.
By the end of March, the German line was caves, and tunnels that in many cases vtliat in many cases were so
essentially the same as on 12 February when strongly built that they could withstan(they could v1ithstard even
the II Corps was exhausted and had relin- direct bomb hits (see following sectio!ce following section, Sup-
quished the battle to the New Zealand Corps. piementary Miscellcneous Data) 7laneous Data).
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SUPPLEMENTARY MISCELLANEOUS DATA
MEDITERRANEAN ALLIED AIR FORCES

THE BOMBARDMENT OF CASSINO
15 Muarch 1911I

SI'TUATION indicated by a captured Orkf.. of the Day
In December 1943, the front in Italy reached issued by their Commander, Col Schulz, on

a deadlock which persisted into March de- 15 February. Excerpt:
spite all Allied efforts. Entrenched across the [The Worldpress, the House of Com-
n~arrowest and most mountainous part of the mons, the House of Lords, the Confer-
Italian peninsula, the German Army estab- ences the world over-all are shouting
lished an extremely strong defensive position, their heads off about you. The Holy
the so-called "Gustav Line," which Hitler him- Father has intervened on account of the
self ordered them to hold at all costs. The famous Monastery of Monte Cassino.
linchpin of the Gustav Line was the little Our front has become the affair of the
town of Cassino, famed for its Benedictine utmost political importance.
Monastery and so situated that it commanded I realize what indescribable hardships,
the best route to Rome, Highway 6. Some 5 through the weather and lack of warm
miles back of Cassino, the Germans estab- meals alone, you have had to endure:
lished another strong position known as the I am aware when the Americans were
"Adolf Hitler Line" to which they were appar- weakened, English and Indian troops
ently ready to withdraw when torced from were then thrown in the line. But I am
Cassino. convinced that you, the finest troops in

The Cassino position offered the Germans the world, will be equal to the task.
unique defen3ive possibilities. The little INTENTION
Rapido River flowing in front of it made a It was decided to at eempt to smash the Ger-
natural barrier considerably enhanced by the mans from Cassino by an all-out aerial an I
abnormally bad weather in early 1944. The artillery bombardment followed immediately
town itself was built entirely of stone, some by an attack by infantry supported by tanks.
of it dating back to Roman times and all In its broad outlines, the plan was simple.
ide Ily arranged for fortification purposes. When weather promised both clear skies and
Unde..r the town was at least one ancient tun- dry footing, the Allied troops would pull back
nel, forming an impregnable air raid shelter about 1,000 yards from Cassino befuie dawn.
and communications line. Sheer behind t'., every available bomber would attack the town
town lay the mep slope of 1,00-ft Monte in the morning, and at noon, under the cover
Cassino and behind it the snowy, 5,400-ft of an intense rolling barrage, the troops would
peak of Mount Cairo. At the foot of this swarm back into what was left of Cassino
formidable bastion is the broad Lin Valley in hopes of taking the eiitire town and its
floor learU., to Rome and appearing to offer abbey Meanwhile, in the afternoon, tne
ample room for tanks to maneuver.. Actu- bombers and artillery would range ahead downally, however, the valley is so low and swampy the valley. Combat Command P -s ready
that tanks must follow the ioads. And the to exploit the capture of Cassino with a large-
only real ro4d, Highway 6, passed through :cele attack which it was hoped would breach
Cassino and along the flank o, Monte Cassino, the Gustav Line completely and carry through
directly under the German gams. to the Adolf Hitler ':nf 5 miles 'earer Rome.

The troops holding this key position were PLAN.'
Germany's best, some 4,000 to 5,000 tough. The air plan specified morning attacks on
young Nazis of the .st Parachute Division. Cassino at 10 or 15 minute intervals by 11
Their high morale and fighting calibre are heavy grc..s of the Mediterranean Allied
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Strategic Air Force and 5 medium groups of At noon, a P-38 reconnaissance plane flew
the Mediterranean Allied Tactical Air Force. in low over the town. The pictures it took
The ••b•ect of ti.'s attack was "to accomplish confirmed tne impression of ground observers
reduction of Cassino Town." For flexibility's 2 miles away-that Cassino was as flat as a
sake, two alternative time schedules were laid stone city can be. There were peaks of
down---one to commence at 0730 and last un- broken buildings still standing, but the over-
til 1100, the other to commence at 0830 and all landscape was only a misshapen pile of
last until !200. The second schedule was rubble.
followed. Only 1,000-lb instantaneous HE Statements of prisoners of war throw addi-
bombs were loaded for this part of the attack. tional light on the bombing results. In read-
For the afternoon, however, B-25 units were ing them it is important to bear two things
to shift to fragmentation bombs. in mind: only a handful of Germans were cap-

The plan for the afternoon attack, with tured who were actually in the town during
which this report is less concerned since the bombardment; and these i'pn were
weather and the course of the battle caused the arch-type of Nazi. arrogant, very security-
much of it to be called off, specified second minded veterans who obviously lied en some
sorties by both heavy and medium groups on
a variety of towns and gun positions behind

Cassino. After 1205 no bombing of Cassino about the bombing. The following facts ap-
was scheduled except for fighter bombers on pear, however, to be pretty well authenticated.
call from the advancing Allied troops. About 950 Germans of the 1st Parachute
AIR OPERATION Division were in or near the town on the

morning of the 15th; the 2nd Battalion, con-
In its final form the attack was scheduled sisting of 5 to 8 companies, in the northern

to begin at 0830 hours and continuie through end of the town, the 1st Battalion between
1200 hours with a 10-minute period allowed Point 193 and the abbey; and the 3rd Bat-
for the bombing by each of the participating talion in the southern end of the town. Only
groups. It was directed that no bombing of the 2nd Battalion caught the full weight of
the town proper was to be done after 1205 the bombardment an i it appears to have suf-
hours. One-thousand-lb GP bombs, fuzed .1 fered very heavily. One prisoner of war sa' I
second nose and .025 sec tail were employed he was the only survivor of his group of 15
by all bombers. The altitudes specified for to 20 men. Another eatimated that of an
the heavy bombers were 15,000 to 16,000 ft initial strength of 60 men in 5 companies not
and for the medium bombers, 7,000 to 9,000 ft, more than 6 survived. The other companies
consistent with the normal operating alti- appeared to have fared better. When the
tudes for these aircraft. It was anticipated bombardment began, they apparently pulled
that heavy flak would be encountered fro.c back into deep caves in Monte Cassino, or
the more thar. 80 dual-purpose 88mm and into the tunnels, and sat out the bomb-
137mm guns in the area surrounding Cas- ing in considerable discomfort but reason-
sino. Air Intelligence also indicated that 60 able safety. Some were buried in the rubble
to 80 enemy fighters were within operational and dug their way out just in tirwe to be
range arau wight oppose this attack. Neither captured. There were 17 prisoners of war
opposition, however, ma'erialized. The as- takern the first day and 34 the second. r,
signed target area, encompassed within a March 24, prisoners of war tota'.'. 278, but
1,250-ft radius of the center of the town, was most of tnese were from the 2nd Battalion
divided amor. the heavy and medium groups; of the 115 Panzer Grenadier Division which
the "A" (or northern half) being designated came up from behind Monte Cawsino to rein-
principally for mediums and the "B" (P'-,Eh- forc. the battered ý,Lttlion of * , Parachute
ern half) for the heavies. These two areas Divisk•n in the town after the bon ,ai'dment.
were attacked alternately, thus allowing for
maneuvering of the attacking groups between Prisoner of war statements were summa-
the initiai point an, Ohe target rized as follows by interrogating officers:
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"Owing to the fact that Cassino had they could reach Coy
previous to 15 March been subjected to Headquarters."
intermittent but heavy artillery Are, few GROUND OPERATIONS
buildings had been left in condition to Imwediately following the air bombard-
afford adequate cover for either men or ment, Allied artillery laid a very heavy bar-material. The main •ype of cover avail- mn, lidatleyll eyhaybr
able consisted either of basements of al- rage upon the town. As it crept forward, theredynsistialdy deitheroy baseengor of New Zealand infantry and tanks attacked
ready partially destroyed. buildings, oof from the north. It is not the province of
bell-shaped pillboxes. There are appa- this report to analyze the ground operations.
rently various types of these, but all are
made of steel 2 V2 to 4 inches thick. They First difficulty reported by the advancing
are constructed to accommodate 2 men soldiers was in getting through the damage
comfortably, but owing to the lack of other done by the bombs and artillery. Tanks -F-re
suitable protection, as many as 6 men halted completely by enormous craters in all
managed to squeeze into one during the the roads into the town and could not uro-
emergency, These pillboxes are normally ceed until engineers, working under fire, had
sunk into the ground deep enough to built bridges as long as 70 feet across them.
allow only the dome-shaped top to pro- In the town the infantry found the streets
trude. They can be lifted by a 2 1/2 ton so full of rubble tiat one New Zealand briga-
lorry. ,. dier estimated that under ideal conditions

"Bc, ,hs falling three to four yards (I e., no enemy fire) it would have taken bull-
from a pillbox lifted it out cf its position dozers 48 hours to clear a single path through
without seriously harming the men inside. Cassino. There seems to be some reason to
Men sheltering in basements and cellars believe thai these delayr gave the Germans
were frequently buried beneath the fall- just time enough to crawl out of their holes
ing masonry . .. Ammunition and weap- in the rock and take up strong sniping and
ons, which had been stacked in cellars .,achine-g7in positions amid the ruins.
or in damaged buildings, were largely de- In any ei ent, the New Zealanders and sup-
stroyed beyond recognition and ,t was pos- porting Indians foun I themselves in a very
sible to salvage but little. Many men left difficult fight. Even so, they surged through
their weapons unattended in their haste three-quarters of the town and up the slopes
to seek refuge and were unable to retrieve of Monte Cassino ".o the highest promontory
them afterwards. below the abbey itself-Point 435. But here

"Apart from an initial panic, the ma- and on Points 202 and 165, they were cut off,
rale of the soldiers seemed to have main- on the night of 18 March, by a German infiltra-
tained the normal high level of para- tion of several companies into the town.
troops. Fighting efficiency probabil There seems good reason to suspect that the
suffered muc more severely owing to a tunnels below Cassino, having saved the para-
natural instinct of self-preservation and troopers during thc bombing, now enabled
the huge clouds of smoke and dust reinforce'nents to appear in the middle of the
caused . . . Allied positions. Extraordinarily fierce fight-

"All ,•,,,oners of war, particularly ing followed with many points changing
those who were in Casino proper, were hards several times and with heavy casualties
unanimous irn stating that the defense on both sides. Supplied byeontaLn.r'. dropped
system was completely broken down and by dive-bombers, the troops on 435 and 202
that it became impossible to pass me.- hckl out for several days. Then they with-
sages as all Lelephone linaes were de- drew. By 26 March it became apparent that
stroyed. In addition, the general chaos a decisive breakthrough cPrIld noL tc achieved,
and bad visibility prevented the local The Ge marns held most of i?'znte Cas.ino witl-
situation from being accurately assessed the exception of Point 193. The Allied troops
or reported. One prisoner of war from 2 retained, however, possession of nine-tenths
Coy states that 2 rll""n,•rs were killed by of Cassino E,-4 a very substantial bridgehead
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el ards

across thp Rapido, advances which prev . get is completely obscured by dust and
they had been unable to make. There ap- smoke and scattering of the bombs of suc-
peared to be su!bstantial agreement among the ceeding waves is unavoidable.
ground commanders that this limited suc- The 10- and 15-minute interval between the
cess could not have been achieved without the bombing attacks was unnecessary and the
preliminary aerial bombardment. same weight of attack could have been con-
AIR LESSONS LEARNED centrated ui a much shorter period. ,

In the absence of any real (oposition eitht•
Invaluable experience in the use of close from enemy fighters or flak, it would have been

air support was provided by this operation. better to bomb along the line of the front
No attempt is made here to interpret the instead of having the axis of attack perpen-
ground phases of the attack. The air phases dicular to it. This would probably have pre-
aid, however, afford a basis for planning fu- vented shorts from falling upon Allied posi-
ture use of intensive support. tions and might also have resulted in fewer

The cost, in bombing effort, of destroying craters on the approaches to the town from
an enemy force that is established in. well- the Allied side.
prepared positions is high. A bomb-density The fact that Germans, not actually in
of approximately 5.5 tons-per-acre was Cassino, suffered few casualties indicates that
achieved in the town of Cassino. There were it might have been better to disperse some
6.2 tons expended per casualty effected within of the attacks on the fringes of the town and
the town. As stated in the body of this re- use fragmentation and antipersonnel bombs
port, the enemy troops had access to caves, in this more open terrain.
deep dugouts, and tunnels which protected CONCLUSIONS
them not only against fragments but also The air objective-to destroy Cassinr-
against blast effects. was achieved.

Where the bombardment must be confined There comes a point, however, in the de-
to a small area, medium bombers and fighter- struction of any stone town whey additional
bombers are prescribed since their lower alti- damage merely makes the fortifications
tudes of operation make possible a high de- stronger by piling r ibble about them. The
gree of accuracy, even under conditions of Soviets learned this to their advantage at
ground haze, bomb-smoke, and dust. If, be- Stalingrad. Cassino provided unwelcome
cause of their bomb loads, heavy bombers are confirmation.
desirable, they should be used only where Any such utter destruction as was visited
absence of flak and fighter opposition will upon Cassino cannot fail to produce a corn-
allow them to bomb from altitudes below plete road block, giving an advantage to the
10,000 feet. The heavy bombers are best suited defender and inevitably delaying the offensive.
to long-range attacks 9gainst strateg'%. targets This may indicate that such all-out air at-
and the techniques and experience of their tacks upon fertifled towns are better suited
crews are normally unsuited to close air sup- for defense, as at Batt,.ipaglia during the Sa-
port operations. lerno battle, than for the opening blow of

Whern P large-scale effort is to be used an Allied at tack, as at Cassino.
against a small area, some positive means of The limited success which was achieved
target or aiming-point iaentification is neces- ,uuld have been impossible witho-t the aerial
sary. After the first wave of the attack the bombardment.
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ALLIED FORCE HEADQUARTERS
APO 512

4 June 1944
TRAINING MEMORANDUM

NUMBER 5
LESSONc FROM THE CASSINO OPERATION

(15- 25 MARCH 1944)
I. GENERAL

No new lessons were learned from the air and ground action at CASSTNO. Estrablished
principles were confirmed. Certain methods of improvement in operational technique have
been advanced in the reports of the air and ground commanders

II. GENERAL LESSONS APPLICABLE TO COMBINED AIR AND GROUND OPERATIONS, REPORTED BY BOTH

AIR AND GROUND COMMANDERS

Rerorted by Air Commander Reported by Ground Commander
1., The bombing of an enemy strong point 1. The follow up of the infantry must be im-
such as Cassino must be followed by a deter- mediate and aggressive, employing the maxi-
mined and vigorous ground attack which must mum infantry strength available. The maxi-

£ be initiated in the shortest possible tim-ne after mum amount of infantry was not employed
the last bomb has been dropped. in this attack, nor was the attack aggres-

sively pushed. Too great reliance was placed
on the ability of the 'ombing to do the task
alone.

2. Employed in close support of a ground 2. The town of Cassino was not only fortified
operation, ar bombardment cannot be ex- but use was made of cellars and tunnels. De-
pected to obliterate strong defences and de- spite the tremendous air effort, our infantry
termined resistance. This is especially true were met by a determined enemy in well forti-
in the case of a fortified town such as Cassino. fled positions. It follows therefore that no

aerial bombardment a!.)ne can clear a fortified
area of infantry who are well dug in.

3. Heavy bombing of a strongly defended town 3. The heavy bombing hinderea our advance
will produce craters and masses of rubble from by cratering and b!ocking of routes with de-
demolished buildings which become serious bris. Due to cratering few tanks could enter
obstacles in' the advance of attacking infan- the town. TPhe tonnage of bombs to be
try and atmored vehicles. These obstacles dropped must be carefully considered in the
will also provide the enemy with advantage- grcind plan of action, as debris and oratering
ous firing points and positions for defense, hinders the use of armor.
4. Provisions must be made for bomb line 4. Every possible means must be used to in-
markers which can be clearly identified from sua8 accurate identification of the targets
the air at bombing altitudes. by the pilots.
5. The capabilities and limitations of each 5. Not sr•ciflcally stattdi n the gio,,nd com-
arm must be mutually understood and appre- mander's report, but implied f-'om study of
ciated. The closest cooperation must be the report as a whole.
'lchieved between the commanders and staffs
of both arms.
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III. LESSONS APPLICABLE TO"THE in of navigators would assist the entire air effort
TIONS (reported by the ground commander only).

1. Unless otherwise indicated, the follow- 7. Alternate targets should be designated
ing points are extracted from the report of the in case some flights of aircraft are late at the
air commander. end of the schedule (reported by the ground

2. In the Cassino o, eration bctb the Tac- commander only).

tical and the Strategic Air Forces were em- 8. Air re-supply of ground .nits with A-36

ployed. The Tactical Air Force gave better aircraft using either parabundles or belly

performance and results, largely because close tanks proved to be practicable. Targets for

support is a normal operation for this type drops must be clearly marked and pilots must

..f air force. Conversely, close support mis- be carefully briefed and provided with accu-
sions are rare operations for the Strategic Air rate air photographs and large scale maps
Force, which has had little training and ex- (reported by the ground commander only).

perience in such operations. 9. Despite its casualty effect and morale ef-

3. In general, heavy oombers should not be fect on enemy personnel, air bombardment by

used in close support operations when there heavy bombers is not sufficiently accurate for

is present an adequate Tactical Air Force. general use in the tactical area of land battle
(reported by commander, Allied Armies in

4. When operations require the use of the Italy).
heavy bombers in close support of ground
opeiations, the following recommendations IV. LESSONS APPLICABLE TO THE GROUND OP-

are advanced by the air commander: ERATIONS

a. When practicable, bomb leaders and 1. Unless otherwise indicated, the followin
leading navigators should make a previous points are extracted from the report of
flight over the target area. ground commander.

b. Bombing altitudes should be specified. 2. The infantry assault following the air
The heavy bombers showed a tendency to bombardment must be immediate and aggres-
bomb from too high an altitude. sive and in maximum available strength. The

c. Angles of approach should be specified, maximum amount ol infantry was not era-
especially when ground troops are close to the ployed in this attack, nor was the attack ag-
target area. gressively pushed. Too much reliance was

d. Intervals between bomber groups, es- placed on the ability of bombardment to elimi-
pecially when the wind is sufficiently strong nate the opposition.
to clear the smoke from the targets, should 3. The initial assault waves must follow
be decreased. The whole bombing operaticn quickly the artillery barrage. They should
should be conce trated in Lhe briefest possible not stop to mop up isolated strong points and
time. small centers of resistance. Such centers of

e. A member of the Strategic Air Force resistance should be .-eft to clearing or mop-
Commander's staff should be present in pc,- ping up parties following the initial assault.

sition tc, 1,uerve the bombing action of his 4. Continued emphasis must be placed on
units, and should have rdio communication *the technique of street fighting in the trafm-
with his units in the air. ing of infantry. No new lessons L-) this sub-

5. A percentage of bombs should be fuzed ject were learned, but its importance was
for delay action to reach cellars and penetrate clearly apparent.
heavy covered emplacemerts (reported by 5. Only a few tanks could enter the town
ground commander only). ii support. of the iuw antr.,, b;,•.ause of the

6. In a large scale bombardment in which eratei. and rubble. Thosc that dill rendered
aircraft approach the target area from widely valuable support.
scattered points, an unmistakable artificial 6. A few lighter self-propelled guns might
landmark such as smocKe for the orientation have rend.., i limited assistance in some area.
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7. In a heavily defended town, artillery is bumbing umiilfsaturation has been achieved,
uinable to give clnse support fire. and not until he is satisfied on this point

8. Since close artillery support is not pos- should the bombing effort stop and the ground
sible in attacking a heavily defended town, forces begin their attack.
engineers, mortar crews, and tank destroyer d. Much of the responsibility for the inac-
crews must follow closely the asswalt. curacies mentioned in the pa'agraph above,

9. The enemy could not be denied dominant may be attributed to the Ar..iy. It is their
observation of our movements in the town. duty to help the bombers to find the target,
This factor must be considered by ground and some or all of the following aids can be
commanders in any similar situations com- used:
;,arable to that at Cassino. (1) Very large artificial marks (such as

bulldozed or white arrows) as a fliing point
V. EXTRACTS FROM A REPORT BY THE DIRECTOR some way behind our own lines.

TOF MILITARY TRAINING, THE WAR OFFICE (2) Further signs (colored flares, grouid
The following extracts are taken from a re- signs, etc.) close bhind our forward positions.

port compiled by the Director of Military
Training, the War Office, from preliminary (3) Flashing colored searchlights at the
reports received by him. aircraft from pre-arranged places.

They have not been approved by the Corn- (4) Giving Wing Leaders of the bomb-
manders responsible for the operation, and ing formation a preliminary fly round in a
should therefore be acepted with reserve. Piper Cub or Auster aircraft

"1.. Planning (5) Direct wireless communication
ground/air t, enable briefing in the air to take

a. It has been suggested that, in addition to place.
other means, the AA brigadiers whose guns
cover the airfields from which the bombers are "2. Employment of tanks
operating should be informed of the detailed Tanks should be retained as a reserve for
Army plan and should be used as senior Army/ the quick follow up ( nee the way has beer
Air Liaison officers charged with ensuring cleared by the infantry and engineers.
that the briefing of the pilots on their airfields "3. Employment of infantry
is adequate. In attacking towns it will usually be neces-

b. The morale effect of a continuous bom- sary to divide the town into sectors, detailing
bardment, either aerial or artillery is much appropriate bodies of troops to deal with each
greater than that of intermittent bombard- sector.. Infantry reserves should also be well
ment of the same total weight. forward, and it is clear that a delay of even

c. The Strategic bxmbers will probably be an hour in committing the full weight of the
operating from a height of 20,000 feet and infantry attack may well prejudice the suc-
until they have much greater experience of cess of the whole operation. In this connec-
the techninus involved in close support bomb- tion reserves may have to be located in terms
ing, they are unlikely to be as accurate as the of time rather than distance.
Tactical Air Force medium bombers. This "-'. Employment of engineers
will mean that a fair percentage of the bomb- Until the engineers have been able to recon-
ing effort will fall outside the target area. noiti.. the damage done by the bombardment,
Any plemning. therefore, which has been pre- and until they Can bring forward their mech-
pared on a timed basis and which assumes anised equipment for elearing a psw.ge, tanks
that in an agreed time a certain weight of and M T.. '. t'he infaiitri -•1I, be ln-mnbilized.
bombs must inevitably fall in a given area, It is essential, therefore, that engineer officers
is likely to go astray. It must be left to the should accompany the first infantry waves,
military commander who is in cbarge of the and the engineer parks should be sited well
operation, to ask for a continuance of the forward.
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"5. Conclusions ling factors for this as with -il other types of
CASSINO is P.ot an indictment of the value fire support."

of heavy bombers in close support of the By command of General WILSON
Army. Their ability to land a knockout blow,
without warning is still aal advantage which J. A. H. GAMMELL,
no other form of attack enjoys, but it must be Lieutenant General,
realized that there are limiting and control- Chief of Ftaff
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Appendix B

HEADQUARTERS

MEDITERRANEAN ALLIED TACTICAL AIR FORCE

Reference" 11 July 1944 CASSINO feature, was, therefore, of the ut-
TAF/69/AIR most importance-
ATTACK ON CASSINO, ITALY, 15 MARCH 4. German forces were strongiy established

1944 both in parts of CASSINO town and on
Appendices: MONTE CASSINO, and on the intervening

Appendix 'A'-Detalled plan for Air Born- slopes. They had taken full advantage of the
bardment. sturdy concrete and stone buildings in the

Appendix 'B'-Plan for Infantry and Tank town, and cellars reinforced with heavy t:m-

Attack. ber had been transformed into strong points.
Appendix 'C'--Tinlng and Results of Air Furthermore, the ent, auces to caves in and

Attack. about the town afforded good bomb-proof shel-
Appendix 'D'-Report on Attack by HQ, 5th ters, gun positions and observation points. At

Army. the time of the operation, we held a footing
Appendix 'E'--Report by M.A.T.A.F. Ord- in the Southern part of the town.

nance Officers on Visit to CASSINO. 5. Several attempts had been made to cap-
ture CASSINO. First a frontal attack was

INTRODUCTION carried out simultaneously with the ANZIO
1. The attack on the town of CASSINO on landing. In thiz--ttack our troops succeeded

the 15th of March 1944, is of particular in- in crossing the RAIIDO River just south of
terest, as owing to the failure of the many the town, but were forced to withdraw owing
previous attempts to capture the town by the to heavy counterattacks. Later, several at-
more normal methods, in this operation an tempts were made to, outflank the town fro:a
attempt was made to overcome the fierce the NORTH and to capture MONTE CASSINO,
enemy opposition by a preliminary, intense but these also failed, even alter the Abbey, on
ana concentrated air and artillery bombard- its summit, had been reduced by heavy
ment. It was hoped by this means that the bombing.
defenders would be so demoralized and dazed 6. It is of interest to note that both the Ger-
that our ground forces could occupy Vie town man and Italian high commands fully appre-
with little difficulty. ciated the imo. rtance and strength of this po-

sition, forming as It did a natural bastion in
TACTICAL IMPORTANCE OF CAsSINO the defense of ROME. In fact, the situation

2. CASSINO, through which• passes High- that now presented itself had frequently
way 6, one of the main highways to ROME, formed the basis of Staff College studies on
lies at tie j-,nction of I he RAPIDO and LIRI defense in times of peace.
Valleys. The town itself is situated on the
lower slopes of a high feature known as LrkNERAL PLAN FOR TIlE OPFI.,'TION
MONTE CASSINO, which dominates both 7. The general plan of the operation was
valleys, Highway 6 and those part-s of the divided into the following three stages:
RAPIDO River, which can te bridged at this (i) The captu.-e of CASSINO town.
time of the year. (i0) The seizLr:. )f MC10T.' P, 7.SSINO by

3. It was essential to make use of Hignway sim1-,.2:,cous attacks irojiu the ea.s.t '.nd west.
6 for an advance up the LIRI Valley, which (iii) The establishing of a limited bridge-
was the only feasible axis of advance for the head across the RAPIDO River in the area
capture of ROME by t ',oops on this front The SAN ANGELO to CASSINO, where sufficient
csc ture of CASSINO town and the MONTE tank and artillery force, could be concen-
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trated for a final break through in R I strong points, heavy gun positions and obser-
Valley. vation points lasting 40 minutes.

8. The Army appreciated from past ex- 12. Phase "C"--Infantry and Tank Attack
perience that, owing to the strong natural and The advance of the infantry into CASSINO
artificial defences, ground forces al(.ne could was to commence at the conclusion of the
not capture the town without suffering heavy main artillery bombardmelnt and was to be
casualties. It was therefore agreed that an covered by a creeping artillery barrage moving
attempt should be made Lo surprise the enemy through the town 10(!-2o0 r a tds .head of
by an intense Rnd concentrated air bombard- them. Fighter bombers of XII Tactical Air
ment, followed by a heavy artillery concertra- Command were to be available to assist the
tion. It was ho.,.ed by this means to so stupify assault by attacking pre-selected targets un-
ind demoralize the defenders that the ground der the direction of a forward fighter con-
forces could attWain their objective with the troller. Details of the plan for the infantry
minimum of losz and tank attack are attached at Appendix "B".

9. Thte governing factor in deciding "D" Day EXECUTION AND RESULTS
for this operation was, of course, the weather,
both from the point of view of being able to 13. Phase "A".--Air Bombardment
carry out the air bombardment and also the (i) Between 1830 and 1200 hours on 15th
ability to operate tanks over this somewhat March, the CASSINO area was bombed by 72
naturally marshy ground. At this time of the B-25'S, 101 B-26's, 262 B--I7's and B-24's,
year the weather can be extremely variable totalling 435 aircraft. In all, 2,214 one thou-
and as it t•rned out it was some three weeks sand pound bombs were dropped, making a
after the plan was made before conditions total weight of 988 tons. Of these, it is esti-
were suitable. Further, the decision to lay mated that some 300 tons fell in the actual
the operation on had to be taken some hours town itself, the remainder falling on the
before "H" hour to enable our forces occupy- slopes of MONTE CASSINO and in the nearby
ing their part of the town to be withdrawn vicinity.
in safety before the bombardment com- (ii) The timing and full results are
menced. shown in Appendix "C". From this it will be

seen that whereas the attacks by the Mediuni
DETAILED PLAN Bombers were generally punctual and the

10. Phase "A"--Air Bombardment bombing concentrated and accurate, Heavy
(i) The plan demanded that a minimum Bombers were frequently at fault in all these

of 750 tons of bomb. should be dropped in respects. Consequently, not only did the tar-
the town area in the shortest possible time. get not receive the full weight of bombs in-
Having regard to the nature of the defenses tended, but there werc frequent long pauses
it was decided that bombs, of 1,.000 .otuids between attacks.
weight and ove, be used and that fusings (ii) Certain of the Heavy Bombers were
should permit penetration of buildings down unable to identify the target, 23 returning to
to basement depth. base with their bombs and two jettisoning

(1i0 Ir. nrder to provide this weight of at- theirs into the sea. Due Wo rack tailure on the
tack it. was decided to utilize the Mediter- leading aircraft of one formation, 40 bombs
ranean Allied Strategic Air Force, in addition were dropped within our lines, resulting in a
to the five Groups of Medium Bombers avail- number of military and civilian ca.sutities.
able to the Tactical Air Force. Formations (iv) Little flak was experienced and no
were scheduled to attack in waves every 15 en,:my aircraft were encountered. We suf-
minutes from 0830 to 1200 hours. The de- fered no losses.
tailed programme of attacks is attached at 14. Phe:c "tv"--Atl•.,:I Bomiu.rdrment
Appendix "A", (0. Operations 15th March

11. Phase "B'"-.4rtiery Bombardment At 1200 hours the artillery born-
The air bombardment was to be followed by bardment opened and the leading battalion be-

a heavy artillery bombardment on enemy gan to cro& "he 1,000 yards which separated
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them from the town. By 1100 hours they had (ii) Operations 16th March
securpd a foothold in the town and some of The fighting on 16th March was
our old positions on the southern outskirts confused, and in the town the enemy held out
were in our hands. The paraiyzing effect of in a number of strong pcints. During the
the heavy bombardment gas immediately ap- morning, however, six tanks found an alterna-
parent, and good progress was made against tive route into the town from the north and
gradually increasing enemy resistance. By destroyed a number of snipe-a pasit .cns. By
the evening our troops had penetrated to the the evening the infantry had reached the area
northern parts of the town, where heavy hand- of the CONTINENTAL HOTEL, where a strong
to-hand fighting developed. The infantry enemy position covered Highway 6 to the east
fought with little heavy support, as for the and south.
whole of the day tanks were unable to enter
the shattered town as the roads into CASSINO (lii) Operations 17th March
were so damaged and blocked witb masonry. At dawn on the 17th March the
Extensive R.E. work was therefore necessary. tanks attacked the enemy in the southwest
The town itself was in ruins and as tht. enemy corner of the town. Fighting continued
began to recover from the effects of the bomn- throughout the day. The enemy resisted
bardment his snipers appeared in the houses stubbornly and the situation remained very
arnd made it impossible for the sappers to clear confused. The enemy's knowledge of the
the streets. town and its defenses, and his superior ob-

The first afternoon's fighting had servation, enabled him to put down heavy and

yieloed important results and the stage was accurate mortar fire on the attacking infantry.
now set to exploit these during the night, tak- On our side, supporting fire for the attack wasino sevatg tofexpl thesenems durinrganightn tdifficult to provide due to the lack of knowl-
ing advantage of the enemy's disorganization edge of the progress of our forward troops,
and using the light of a bright moon to re- while tanks were still restricted in their move-
group and continue the advance. The plan ments. By evening, although some progress
was for the leading brigade to complete the had been made, the e iemy still held a number
mopping up of CASSINO, whilst another bri- of strong positions in the town, including the
gade proceeded to capture MONTE CASSINO. CONTINENTAL HOTEL. The attack on the
Up to this time the operation had developed, railway station was more successful, however,
more or less, according to plan, but in the and by evening it was occupied by our
evening the weather ibroke and torrential rain infantry.
fell during the night. The advantage of the
moon was lost and visibility reduced to a st&ý Inpantions l-tank Macsh

whrhmer!as they were by mud-filled Infantry and tank attacks on the
where, hamperubin dtey i the infantry CONTINENTAL HOTEL and other strong
craters and crumbling debris, the infantry points in the west of the town continued for a
could make no further progress. This was un- further five days against ever stiffening re-
f•-tunate, for it enabled the enemy, who had sistance without any appreciable success. On

adiam~age of superior knowledge of the 23rd March, It was finally decided to abandon
streets and buildings, to '.eorganize and rein- th. attempt to capture the tow.a, as it was
force a number of strong points. Communi- clear that success could only b- a,.Lieved at
cations deteriorated, for the rain and mud th- cost of heavy casualties and by using up
affectea many of the wireless sets carried by th,; reserves for further projected operations.
the infantry, and the laying tnd maintenance 16. Considering fle nat:re ol the fighting,
of wire was hampered by sniping from build- casualtip- w-ere not ex~.!-lv heavy Firing
ings in the town. Rain collected in the bomb the assault immediately after the air and ar-
craters, and to clear the road for tanks it was tillery bcmbardnments they amounted to less
now necessary to brlt'he each individlual .•ratcr, than 200 k-lled and wounded, while during the
often under intense mortar fire. remainder of the operations up till the with-
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drawal they amounted to 1,316 killed and 19. A more marked effect might have been
woundled in the town. caused, however, if the bombing had been

RESULTS more accurate and continuous and concen-
trated into a shorter period of time. The comn-

7. A considerable part of the town was bh�ed effect of bad bombing and puor timing
taken and a fair number of prisoners cap- by the Heavy Bombers resulted in intermittent
tured. Nevertheless the ope-atic•r failed to attacks on the target, with app,ýciable periods
achieve the results Intcnded. The bombing of rest which enabled the defeiuaers £o recover
destroyed most of what still remained stand- before the attacks were resumed.
ing among the houses of tue town except br a 20. Although the weather was suitable for
fringe round the edge. The chief damage was the initial bombardment, it was unfortunate
naused by rubble, which blocked the entrances that it turned unfavorable at the end of the
to cellars and caused a number of the enemy first day's operations. Up to nightfall con-
to be trapped. Evidently posts were aban- siderable progress nad been made and it is rea-
doned to take cover, as prisoners of war stated sonabie to assurie that had the fine weatl'er
that machine guns in the open had to be aban- continued throughout that night and the fol-
doncd as it was not possible to get thlem under lowing day, complete success might have been
cover. On the other hand, the stronger de- achieved. The bad weather, however, seri-
fenses did not appear to have been seriously ously hampered our movement and allowed
affected. One mobile pillbox, however, was the enemy to reorganize and consolidate his
moved bodily by a near miss but the occupants position.
were not hurt. Enemy communications were
completely disrupted, but the town was under CONCLUSIONS
good observation from the slopes above. All 21. Although the operation failed in its de-
roads were heavily cratered and blocked with sired object, it is possible to draw certain rea-
fallen debris. Where the ground was low, and sonable conclusions from. the results achieved.
even on the higher ground, after the rain These may be categorized as follows:'
started the craters filled with water. These (i) Under certain circumstances a
had to be bridged to enable tanks to get heavy scale of air lxmbardment can assist
through. materially in softening up defenses to facili-

18. It has been hoped that the heavy scale tate their capture by infantry. Employed in
of bombardment might have produced a high close support of a ground operation, however,
degree of demoralization among the defend- air bombardment cannot be expected to oblit-
ers. Although a special psychiatric report erate strong defenses and determined resist-
rendered after the operation was over stated ance, and it must always be realized that air
in general terms that the bombing had orny bombardment can only be supplementary to
slight effects ur -n the Cearmans mentally, the ground attack. The infantry must close
some of the early prisoners questioned in the with the enemy to achieve final victory. There
first 24 hours, however, hold the view that the is no substitute for the - gantry.
bombing had had a very decisive effect. It (ii) In order to produce the maximum
had com- - - complete surprise, and although effect on enemy- morale, bombing must be con-
they were prepared for an intensive artillery tinuous and strict attention paid to timing of
barrage and for bitter street fighting, they had thw attacks. Where, however, targM+ are of a
no conception of having to endure intensive limited area and calm air condiiions prevail,
air bombardment as well. To sum up, it it will not normally be practicable to com-
would be fair to say that although the enemy 1 re-is attacks into less than fifteen minute in-
recovered rapidly they w( -e undoubtedly tervals as smoke and dust bici .zeure the
shaken and disorganized for a certain period target. 7.'ce intervaL -:.ould. ii,.wpver, be
of time. In this connection, it should be reducea to the absolute mininum.
pointed out that the German troops con- (iii) The size of the force used must be
rerned came from a Paratroop Division with governed by the ability to find and hit the
high morale. target hard J,,. a stated period, and not by fhe
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desire to drop an arbitrary weight of bombs. be considered. Heaps of rubble and half de-
Heavy Bombers, accustomed to a strategic stroyed buildings will also provide the enemy
role, may not be sufficiently accurate to at- with advantageous firing points and positions
tack close support targets, unless they are un- for defense. The maximum amount of in-
mistakable or can be clearly marked by arti- fantry was not employed in this operation,
ficial means. nor was the attack aggressively pushed. Too

(iv) The ground attack, which must be much reliance was place.i on ti,e ability of the
aggressive, determined, and at maximum bombardment to eliminate the opposition.
available strength, must be launched imme- (v) Such operations must be regarded
diately the bombardment ceases. The stun- as "combined" operations in the true sense of
.ing effect can only be temporary and the the word. Each arm has a particular part to
enemy must not be given sufficient time to re- play and every operation of this kind must be
cover his shattered senses. Owing to the studied and planned on an interservice basis.
heavy damage to roads by cratering and fallen
debris, it will seldom be possible to employ Signed (Name illegiblc)
tanks and armored vehicles for some consid- Major General,
erable time afterwards. Their participation Commanding General,
in the immediate attack should not therefore M. A. T. A. F.
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Appendix B

TIlE BATTLE OF EL ALAMEIN

OBJECT HISTORICAL DATA ON TIE CAMPAIGN OF
The object of this study is to determine EL ALAMEIN MILITARY, ECONOMIC,

whether or not the British or the Axis could AND POLITICAL CONSIDERATIONS
have made effective tactical use of an atomic To the desert-weary Axis Army of North
bomb at El Alamein. Africa, the fertile Nile Delta would be a wel-
CONCrUSIONS come haven. Beyond lay the Suez Canal,

In this enclosure conclusions are given for classic link in the British life-line of empire.
four situations, based on four totally different Capture of the delta could mean the 'rnal
assumptions. In the first situation It is con- denial of tht: etw~ern Mewltrranean to the
cluded that 3 atomic bomb explosions u ould Allies, domination of E26ypt and the other Mid-
have prevented the British in ordinary uni- dle Eastern lands--a dpecisive step in the vast
forms from executing an effective offensive, Axis pincers movement affecting Allied aid to
while 5 atomic bohmb explosions would have the USSR; and great stores of oil from Iraq
incapacitated up to 100 percent of the effec- and Iran.
tive forces. In situation two it is assumed The Allies, on the other hand, required
that British troops would have been equipped desert victory to destroy the enemy forces in
with special uniforms and conclusions are that Libya, to put an end to this see-saw battle
10 atomic bombs would probably have been of advance and retreat to Benghazi and to win
sufficient to prevent their offensive, while 12 great influence over the French, by a quick
atomic bombs would have been sufficient to and spectacular success, in connection with
incapacitate more than 50 percent of the men the forthcoming operations in northwest
massed for the attack. Africa.

In situation three it is concluded that there
was an incident of concentration at the break- GEOGRAPIICAL CONSIDFRATIONS
through point in which the emp!oyment of a The region of El Alamein station presented
20 KT atomic bomb, suitshly placed by the peculiar tactical problems in the north. Salt
Axis, would have broken the strength of *he lagoons which border the Mediterranean give
British attack Howe.ver, the proximity of way to a sandy coastal strip on which the rail
Axis troops in battle contact with the British line and roads to Alexandria run. In the cen-
would have made the decision to use an atomic ter of the 40-mile pos"t!,n there are ridges and
weapon very difficult in view of the Inaccuracy rocky hills covered with a thin layer of sand.
of whaL:vci method of delivery was chosen. Farther bouth, rock out-croppings are more

In the fourth situatiorn it is concluded that frequent and finally fall away abruptly into
the use of one 20 KT atomic bomb by the the Qattara Depression, which i nened the
British at the attack salient would have southern anchor of the line.
cleared a path probably sufficient to effect a The ground itself was very fiat; therefore,
breakthrough immediately' thereafter. One there were few observation p"sts with any
additional 20 KT atomic bomb, suitably placed apprecl....e romman. of the surrounding
over two Axis divisions, would probably have country. Special diffilculties wee-. presented
led to rapid consolidation of the breakthrough by the absence of well-defined features and
with subsequent encirclement of the remain- landmarks, for determining objectives and
Ing Axis forces, maintaining direction (wee Figure 26),

S~87



SpciiRequired Analysis of Military Assistance Progrum

100

+ ~

2C

+ +

WEn0

0 4-

+ ow ___

IU x
;7'q0 : MOS '0'N05 I 109MO

+a I

0 ~ ' 
K

2 -+

C)a 
C3) ~

1-1'a 
;4'

+ + PC:3, U0

11021I II88....



Appendix B

• o•

Pigure 26.-Sand Storm in the Desert near Alamein

The enemy's southern defenses were strong- abandoned bivouac and concentration
i: wired, but, by comparison, the northern areas that air reconnaissance was com-
s', tor's defenses were not particularly formid- pletely deceived.
at -ie as to wiring (see Map 15) Nature was needed to provide a further

Strategic surprise *as therefore impossible. reqaisite for offensive action: moonlight be-
How to gain tactical surprise? The date, fore dawn. As early as 15 October, the moon-
weight, and true direction of the attack must light factor permitted operations on a large
be concealed from the enemy. Rus•s and scale.
camouflage were employed on an extensive
scale, with ' ireless traffic coordinated to sup- On 23 October it was clear and fine. Tem-
port *al concentrations. "Phantoms" were peratures were about 280 C (82.40 F).

created; real massings hidden. Forward as- LOGISTICAL PROBLEMS OF THE EIGHTH
sembly ir-.- often in full view of the enemy, ARMY
had to conceal motionless troops for many
hours, in shelter slits, without hot meals. The magnitude of the logistical problem was
Dummy pipelines, dummy vehicles and armor, caused primarily by several factorý
et cetera-all led the Axis to believe the blow Base ports were 14,000 miles away by sea
would fall in the southern sector. The suc- frm-n the home base. Very large reserves of
cess of Allied tactical surprise is summed up supplies, reinforcements, and stores of a1l
in this German study captured later in iypez, had to be buil uil wWl! befr.: _- The battle.
Tunisia Large dumps had to be establi-b.-d in the

Camouflage in the battle area was ef- forward area before the offensive. Seven days'
fected in so masterly a fashion by the dis- reserve supplies were dumped behind the lines
positicn of dummy vehicles ,n already in the nortjern sector; five days' supplies, in
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reserve. ' . #u ° and XIII Corps troops.
There was a single-track railway. West of Two "en cas mobile" trains, each approxi-

El Alamein there were serious harbor prob- mately 650 tons, wzre held in the delta, their
lems. The huge distance necessitated a very location being frequently changed as a pre-
large number of vehicles, with attendant traf- caution against sabotage and possible aerial
fic control problems along the one good coastal detection.
road. At the peak period of Duild-up, 1-2J October,

The forward areas of the 8th Army at El a daily average of over 2,500 tons was delivered
Alamein were only 60 miles from Amiriya, at army railheads.
which, together with certain base depots in the After D plus 1. new railheads were con-
.11exandria area, constituted the advanced structed on schedule. El Imayid was to be the
base for the entire army at that time. Many first of these railheads from D plus 1. El Ala-
desert tracks had to be built by the British, mein was to follow as soon as the tactical situ-
up to XXX Corps' starting line, through very ation allowed.
soft sand. This was in addition to the many Thus, the El Imayid railhead was opened on
large dummy dumps in the southern sector, 27 October for ammunition and salvage. On
and the dummy pipeline and water installa- 5 November El Alamein became the railhead
tions (Map 16). for supplies, fuel, Royal Engineer stores, and

Before the offensive, railheads to serve the ordnance stores.
El Alamein defenses were established at Burg Hamman was to operate for vehicle delivery
el Arab (supplies, ammunition, engineer and recovery; Amiriya for personnel; Ghar-
stores, ordnance stores, salvage); at Bahig baniyet for ambulance; Ikingi Maryut for
(fuel); at Amiriya (personnel, vehicle and RAF.
tank delivery and recovery); Gharbaniyet, 3 Construction trains worked on a shuttle
miles west of Burg el Arab (ambulance); and service from Gabbary, the marshalling yard
at Ikingi Maryut (RAF). at Alexandria.

In addition to supplies the following re- Reserves of fuel we -e to be held at Amiriya,
serves were built up at 8th Army operational and a restock at Dikheila. A pool of tank cars
dumps: was kept ready and loaded in Alexandria.

Fuel: 500,000 gallons for X Corps. At the 6th AOD, Alexandria, specially se-
Ammunition: 25-pounder, 268,000 rounds lected ordnance stores were held for imme-

(including 95,000 for Operation Supercharge); diate call by the 8th Army. These stores in-
4.5 inches, 12,800 rounds; 5.5 inches, 6,400 cluded., tank and motor vehicle spares, sig-
rounds; and other, four days, at 8th Army nal equipment, gun parts, optical stores, small
rates. arms, spares, barrels, et cetera.

Ordnance stores: engines, track and suspen- In the forward fighting areas, replenish-
sion assemblies for X Corps; weapons and ment of first-line vebicles was used satis-
other urgent fighting stores for army; cloth- factorily in infantry formations during the
ing reserves advance.

At the raliheads, stocks of 3 days' average Ammunition, rations, water, and petrol
issue of supplies, ammunition, and fuel were t.r'.ýks remained in the area from which the
built up. fighting troops had moved forwaa. Second-

Additional ammunition holdings were stored line vehicles replenished first-line vehicles as
at:. (,P:ly as possible in the morning. First. line

Dikheila (Alexandria w'st); 4th AAD; vehicles then moved off to foll ow tip the fight-
14,000 tons. in, troopm.

Alexandria, 4th AOD; 7 days at double 8th Under this system, unit ;ehicle3 were able
Army rates. to find the route by daylight. The number

Kilo 101, on Cairo to Alexandria road, two of vehicles to go forward from the assembly
days at 8th Army rates ;or 1 armored division; areas to tht, -.bjectives, in each of the forward
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brigades. totalled some 100 (apart from e OPPOSLNG FORCES 23 OCTOBER
150 tanks and 52 vehicles of the divisional AXIS (See Map 17)
cavalry). To reduce the number of vehicles Ground F(S cesM
on the desert tracks during the main attack, Axus gou ces3 Axis ground forces consisted of 93,500-

3days' rations and water were dumped or 96,000 men, of whoms slightly more than 50
carried, in addition to the normal reserves
on the fighting vehicles. percent were German. There were six Italian

and two German infantry d;:sions. The
Logukstics. Example B s (from a rap of the latter were the 60th Light Division and 164th

Tobruk Advance Base). Light Africa. These divisions' organization

Area each had 3 infantry regiments of 2 battalions,
Unst (sq ni) with 4 rifle companies in each battalion.

A(!- anced Ammunition Depot 7.6 (Note: In Europe, German battalions nor-
No. 2 Sub-Depot AOD . 1.3 mallv had only 3 companies.) The 164th was
Personnel Transit Camps. 3.0
Medical Area I 2. 5 very weak in artillery, and suffered from de-
Medical Area 2 0. 2 ficiencies in men and materiel. It had 9,006
Fuel Depot .. • 2.3 men at the beginning of the battle, a number
Engineer Stores 0.38 which decreased to 3,500 wiuihin 4 weeks. The
Bulk Petrol Filling Center. , 0. 13 21st Panzer Division had 12,500-13,000 men
No. 3 Sub-Depot AOD. 0. 1
121st Maintenance Unit. 1. 1.3 in its southern group; 5,600-6,500 in its north-
Base Supply Depot .... 0. 23 em group. (These strengths were reversed
Workslps. 0. i geographically after 25 October.)
Air Field .......... 0. 6 The following is an itemization of the weap-
Motor Transport Convoy Area . 14.0 ons available to the 164th Light Africa Divi-

sion on 23 October:
Logistics. Example 2 (from a map of Ben- 8539 Rifles

ghazi Advance Base)., 2721 Pistols
Area 732 Machine pistols

Unit (sq mi) 385 Light machine & ins
Psrsonnel Trausit Camps ... ......... 1.3
RAF 124 Mobile Unit. ......... 0.4 105 Heavy machine s
Advanced Ammunition Depot ..... 1.2 95 Light tank weapons (PzBn)
Fuel Depot ....... 1. i 68 Light mortars
Fuc! Depot Extension (Salvage).. .... O. 3 63 Heavy mortars
Base Supply Depot .... 0.1 55 3.7cm Pak
AOD (includes Captured Stores Depot) 0. 2
Workshops .. 0. 15 93 5cm Pak 19
Air Field . 0. 63 18 Light assault guns
Motor Transport Convoy Area 1 0. 3 3 Heavy assault guns
Motor Transport Convc Area 2 0.5 4 7.5cm Pak
Engdneers Point.0. 1 12 Light field howitzersRendezvous Point ........ 0. 054 0 m C n o______________________-___4 10cm Cannon

6 Heavy field howitzers
Logistics. v"-Rmple 3 (from a map of the 6 Ca nnon

Tripoli Advance Base). 3.mC n

Area Two panzer divisions and two Ita'lwf dlvi-
Uni (sq mi) slons comprised the armor of somewhat over

Area 500 tanks. Forty percent were Mark III or
Unesonne C,, Mark IV and 60 percent Italian vehicles. The

Person:nel Transit Camps. 1. 5
Engineers. ... . 0.3 15th slnd 21st Panzer X-i1sWor. ej,.-t had I
Advanced Ammunition Depot (includes RAF) 3 0
Fuel Depot (includeE RAF) 2.4 "These Pak guns were divided as fellows" Panzer
Vehicle Reception Point 0 4 Grenadier Regiment 125 had 31; Panzer Grenadier
AOL) ..... 0.5 Regiment 382 had 27; Panzer Grenadier Regiment
Signal Park (8th Army). 0 08 463 had 29;, Reco.-_'-lssancc Group 220 had G
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tank regiincnt of 2 battalions and ed in- Axis Assault Guns35
fantrv (Panzer Grenadier) regiment of 3 bat- Note. 20-30 percent of all vehicles were
talions. constantly under repair.

Antitank Artillery.-At El Alamein the Axis Armored Divisions:
armor was intermingled. In the northern 21st Panzer (23 October):
t•etor. opposite the 1st and 10th British Di- Tanks

visions, there were three groups of 80-100 Mark 11 19

tanks each. These groups comprised 1-2 tank Mark III 53

battaiiuris from the 15th Panzer and Littorio Msrk III S 43

Divisions; 1-2 infantry battalions from the Mark IV 7

same; and a proportion of field, assault, and Mark IV S 15

antitank guns. Only one of these groups Staff Tanks. 6

seems to have been assigned a mobile role.
(See Map 18.) Total 143

In the south, two mixed groups of 80-100 Hq, Afriko(ps. 7
tanks each faced the 44th Division. Of the 21 t P~nzer tanks, 43 were under

The Axis also formed a reconnaissance repair and 18 had been lost by 29 October.
group of 3 squadrons, with the reconnaissance Littorio Division (23 October):
units from the 2 panzer divisions and 90th Medium'Tanks 70
Light Division. It consisted of an armored Ligfit Tanks 20
car squadron, infantry in armored troop car-
riers, a heavy squadron of antitank guns, Total 90
close-support artillery, and a pioneer platoon.
Two of the units also had independent troops 15th Panzer Division

of captured British 25-pounder guns. (23 October):

On 23 October, the Germans had: Effective Repair
Mark II Tanks. 12 2

Mark II Tanks. 30 Mark .?II ......... 38 5
Mark Ilt ... 80 Mark Ill S ....... 43 1
Mark 1I1S ...... 86 Mark IV ... 2 1
Mark IV 8 Mark IV S 15 -
MarkIVS.. 30 Staff Tanks. 1I
Staff Tanks ............. 4 ..

Total ................. ..... 238 Total 111 9

Armored Cars ..... 152 On 23-24 October, 20 tanks were lost; 12

XZtorcycles, et cetera ............ 864 more were lost by the 29th; 44-45 additional

Trucks .... ...... 7249 tanks were under repair, ;4-29 October. The

Captured Vehicles 4081 15th Panzer Division had the following ar-
tillery available:

Total ........ . 12346 Scm Pak 70

The Italians l.ad: 8.8cm Flak ...... 8

Medium Tanks 279 10cm Cannon.. 4

Light Tanks 20 10cm Field howitzer 24
15cm Field howitzer 8

Total 299 15cm ARsault gun. 4

Armored Cars ..... . 42 Captv-id 8.7&L-m 5

Motorcycles, et cetera 4'J CaptureU 5.3,:mn Pak 1-

Trucks 2587 7.62cm SP ........ id

Vehicles .. ................. 113 15cm SP howitzer 8
Italian guns (in battle group, from Lit-

Total 3181 torlo Division) 41
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NORTHERN BATTLEGROUP

Commander: Col. Crasemann, 33 Pz. Artillery Regt.
Troops: Hq., Pz. Artillery Regt. 33 (plus Staff Battery) _____________

1st Bn., 115 Pz. Grenadier Regt. ____________

2nd Bn., 33 Pz. Artillery Regt.
3rd Flak Co., 617 Bn.
2nd Pz. Bn., Section, 133 Regt. (Italian)

RESERVE DIVIS!ONS1

Commander: Capt. Hinrichs, 33 Pz. Pioneer Bn.Troops: 33 Pz. Pioneer Bn.r
3 Pz. Infantry UnitJ

vi1

CENTER BATTLEGROUP

Commander: M~aj. Scheme], 115 Pz. Grenadier Regt.
Troops: Hq. & hq., Co., 115 Pz. Grenadier Regt.

2nd Bn., 8 Pz. Regt. 
--

3rd Bn., 115 Pz. Grenadier Regt.j

13hInfantry Co., *115 Pz. Grenadier Regt, 1

3rd Bn., 33 Pz. Artiliefy Reg't.
Italian Hq., 133 Pz. Regt.
Italian 4th Pz. Bn., Sect'c~ 33 Pz. Reyt.Italia- 23rd Bn., 12 Bersaglieri Reqt.ital ian 29th 61n., 3 Artillery Regt.Italian Assault Gqn Section 556-

SOTENBATTLEGROUP

Corwader:Col. Teege,8 zRet00
Troob; H., Pz. et

Bs n., 8 Pz, Rtgl-
2n n., 115 Pz, Grenaoier Regt.
Is n.. 033 Pz. Artillery Regt.

Ii~iian Nq., 12 nersaglieri Regt.
Italian :2th 107. Rn., Section, 1?3 Regt.

Italian 2nd Bn., 3 Ar'L."Iery Regt.

Italian Assault Gun Spetion t4
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* 15 and 21 Panzer Divisions

SItalian Troops with 15 and 21 Pz.,Divisions

* 164 Light Infantry Division

* Italian Troops in 164 Light Infantry Sector

Hq Coros Motorized Antitank Company Motorized

Hq Infantry Division Antitank Company Selfpropelled

H;• Panzer Division Engineers Company Motorized

Hq Infantry Regiment Antitank Platoon Motorized

IHq Artillery Regiment in Hq Rifle Company
4F Panzer Division

Hq Infantry Bn Battery 88mm antiaircraft guns

Hq Mountain Infantry Bn Badery 20mm antiaircraft guns

lit I Selfpropelled battery 20mmDvq Infantry Bn in Panzer antiaircraft gunsr Division

-O-- Light antiaircraft positionlq Engineers Bn Motorized Battery 75mm assault guns
En e n eBattery 00m•n guns emplaceu

P' Hq Pnzer Reconnaissance Bn 0= Battery light mountain guns

nc>- Battery 100mm guns e.Aplaced

tHq Artillery Bni*: Battery 105mm howitzers 18 emplaced

0. Hq Artiliery Bn in Panzer
Division ?'- 0-,J Battery 1501M heavy field howitzer 18 vmplaced
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Hq Infantry Regiment Antitank Platoon Motorized \ 7

Ilq Artillery Regiment in liq Rifle Company
jF Panzer Division

Hq Infantry Bn Battery 88ram antiaircraft guns"

IJ Battery 80mm antiaircraft guns

.• Hq Muti Infantry Bn •

SHq Mountain Infantry Bn ji Battery 20mm antiaircraft guns

S i Selfpropelled battery 20mm
Hq Infantry bn in Panzer antiaircraft guns
Division

-O- Light antiaircraft position

Hq Engineers Bn Motorized • Battery 75mm assault guns

-I Battery 88mm guns emplaced

_ Hq Panzer Reconnaissance Bn 0 Battery light mountain guns

Battery 100mm guns emplaced

l q Artillery Bn e3 Battery 105mn howitzers 18 emplaced

Division Battery 150mm heavy field hawitzer 18 emplaced

me A c Battery 150mm heavy field howitzers 13SHq Antiaircraft Bn

0iF--• Battery selfpropelled heavy infantry howitzers
1 ~Hq Selfpropelled Antiaircraft

Bn

ct Antiaircraft searchlight

Hq Panzer Bn ) Entrenched armored uwits 5o

J (Gun position

Hq Antitank Bn Selfpropeiled
.. . Telephone and Teletype Station or M4eteorological Sta

Trail

Corps boundary

Map 15-Ax2: ,ituatic.r., 23 October 1942,
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Artillery British Armor Situation, 23 October
Artillery consisted of about 400 guns, 900 Note. The following figures refer to effec-

antitank weapons, and 50 88mm dual purpose tive tanks actualiy with units and formations
guns. In the British XXX Corps Zone, the on this date.
enemy was believed to ha e in action about 9th Australian Div Cavalry Regt 17
200 field guns, 40 mediums, and 14 heavies. 40 Bn, Royal Tank Reg. (under com-
As will be shown later, these 25 batteries or mand, 1-26 October inclusive, and on
so were subjected at Fl Alamein to British 31 October) 44
concentrations of up to 20 to 1.

Air Forces:
Fighters and fighter-bombers 347 51st Highland Div 50 Bn, Royal Tank
Bombers 277 Regt (under command) 36
Seaplanes 36 2nd New Zealand Div
Reconnaissance and utility 53 9 Armored Brigade 1-2

Total 20713 2 NZ Div Cavalry Regt (armored cars) 62
8 Bn, Royal Tank Regt (under corn-

ALLIES (Map 17) mand) 44
Ground Forces Note. The 9th Armored Brigade on 23 Oc-

Ground forces consisted of 150,000-177,000 tober was an integral part of the 2nd New
men. The XXX Corps corntained 14 infantry Zealand Division, which had only 2 infantry
brigades, 1 (New Zealand) armored brigade; Brigades.
the XIII Corps had 7 infantry brigades, I 4th Indian Div none
armored division, 2 armored brigades, a British Artillery Situation, 23 October
French flying column (2 battalions of Foreign 9th Australian Division: Normal Divi-
Legion, and Spahis). The X Corps consisted
of 2 armored divisions, 2 (New Zealand) bri- ia le
gades. Altogether they totalled 7 infantry Guns
divisions, 3 armored divisions; and armored 3 Field Regts (each of batteries, each
brigades, of 2 troops) 72
Armor (excluding replacements): 1 Antitank Regt (of 4 batteries, each of

Sherman Tanks 267 4 troops) 64
Grants 128 1 Light Antiaircraft Regt (of 3 bat-
Stewarts 128 teries, each of 4 troops) 48
Crusader (6-pounder) 1J5 Additional artillery under command of
Crusader (2-puander) 255 the 9th Australian Division, 16-31
Crusader (Close Support) 35 October, consisted of:
Valentines 196 6 Troops of 146th Field Regiment (guns

Total only, but rc battery or regiment staff) 24

Units present: the X Corps consisted of the Total Artillery 208
1st Armored Div, 2nd Armorcd Brig, 10th 5l,t Highliand Division: Normal Di-
Armored Div, 8th Armored Brig, and the 24th visional Artillery:
Armored Brigade. The XIII Corps had the 3 Field Regts (each of 3 batteries,
7th Armored Division, 4th 'Light) Armored each of 2 trot..§s 72
Brigade, and the 22nd Armored Brigade. The 1 A..utank Regt (of 4 oi Lte.ries r.t.h

XXX Corps contained the 9th Armored Bri- of 4 troops) 64
gade, and the 23rd Armored Brigade. 1 Light Antiaircraft Regt (of 3 bat-

Iihcludes Greece, Sicily, .nd Crete based. teries, -'ch of 4 troops) 48
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Nb4 T~ABLE N*IV
SUMMARY ýARMOR, 23 OCTOBER

CU_ I ARMORED CARS

FOR TIO VALEN- SHER- IRU- CR" SADEn TOTAL
I TINE MIAN SADER *ADER CLOSE STUART TANKS Danm-I MK. II ML. III SUP- TA r M-H Total

9th Austr. Div. tl 13 4 61
51st Highland Div 36 36
2nd NZ Div 36 37 29 12 8 29 151
1st S A. Div 44 44 4 58 62
4th Tndian Div

Total 124 36 37 42 12 8 33 292 4 b. 62

NOTE In addition, the 51st highland Division had a composite squadron of carriers. All infantry battalions had
as an integral part a platoon of carriers, varying in strength, but no exact figures aie available. The Field Artillery Regi-
ments of Divisional (n-t additional) Artilery had a number of "Armored OP's" which might be armored cars, ca.riers,
Stuart tanks, or armored trucks Numbers and types varied considerably.

TABLE XV
SUMMARY OF ARTILLERY,, 23 OCTOBER

SFIELD ARTILLERY ANTITANK LT AA TOTAL
FORMATION D j Add'l Total ' 6-pdr TOTAL TOTAL GUNS

9th Aust Div 72 24 96 64 64 48 208
51st High Div 72 12 84 48 16 64 48 196
2nd NZ Div 72 24 96 59 59 48 203
1st S.A Div . 72 12 84 48 16 64 48 196
4th Indian Div 48 48 54 10 64 48 !60

Total 336 72 408 273 42 315 240 963

I The 1st South African Division had in addition 3 18-pounders and 6 50-mm used as antitank guns.

Additional artillery under command from 3 Troops of 98th Field Regt and 3
17-24 October from the 1st Armored Troops of 78th Field Regt (guns
Division was. only) 24

3 Troops of the 28th Field Regiment
(guns only) 12 Total Artiller:r 203

1st South African Division: Normal Di-
Total Artinery 196 visional Artillery:

2nd New Zealand Division: Normal Di- 3 Field Regts (eaca of 3 batteries, of 2
visional Artillzry: troops) 72

3 F.c. Regts (each of 3 batteries, of 1 Antitank Regt (of 4 batteries, each of
2 troops) 72 4 troops) 64

1 Antitank Regt (of 4 batteries, each 1 Light Antiaircraft Regt (of atter-
of 4 troops) 2

1 ies, each of 4 troops) 48
1 Light Antiaircraft Regt (of 3 bat-

teries, cuch of 4 troops) 48 !.dditional artillery under ccmmand, 17-24 October, from the !5"t.• Armored
Additional artillery under 2ommand, 17- Div24 tobn was:

24 October, from the 1st Armored 3 To so

Division was: 3 Troops of 98th Field Regt (guns
only) 12

"Division had 59 6-.viunders, of its cstabhshment
of 64 6-puuiders Total .- till1ry 196
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4th Indian Division: Normal Divisional was a favorite Stuka target, these troops al-
Artillery: ways deployed in a diamond or square for-

3 Field Regts (each of 2 batteries, of mation, with the guns 100-150 yards apart.
2 troops) 48 To avoid exhaustion of personnel, the gun

1 Antitank Regt (4 oatterie i, each of crews were increased in size before the battle
4 troops) 64 started.

I Light Antiaircraft Regt , of 3 bat- Ai Forces
The air force consisted of 500 iighters andterlies, each of 4 troops) 204omes

200 bombers.

Total Artillery 180 AERIAL EFFORT
In addition to the figures in Table XV, The RAF had gained almost complete air

which relate only to artillery units, there were superiority by 23 October. This, together
the following 2-pounder antitank guns in the with the ineffectiveness of the enemy's artil-
possession of formations. These guns formed lery, enabled the British to concentrate r far
the armament of antitank pLatoons which greater number of guns and vehicles in a small
were integral parts of their respective battal- area than would have iccn justifiable without
ions. The normal establishment was 8 guns such superiority.
per battalion, or 24 per infantry brigade. Beginning on the night of 18-19 October,

Guns the Allied air attack stepped up its tempo and
9th Australian Division 80 ran well over 700 sorties daily. The 8th Army
51st Highland Division 72 attack was definitely withheld until the RAF
2nd New Zealand Division (which had 2 command on 25 October gave positive assur-

Infantry Brigades only, instead of 3) 60 ance of complete domination of the air.
1st South African Division 48 After the September battles, prior to the
4th Indian Division 72 opening of the British offensive, air activity

- in the Middle East battle area was r.strictcd
Total 332 duie to the scarcity of targets resulting from

Note. Field Guns 25-pounder the absence of full xcale ground fighting and
Antitank 2-pounder or 6-pounder need for both sides to build up serviceability.
Light Antiaircraft 40-mm Bofors During the period 6 September-22 October,

Artillery (excluding replacements) of en- the RAF made the following attacks: 24 me-
tire 8th Army: dium bombers; 77 light bombers; and 341

25-pdr (field) (3.45 inch or almost fighter-bombers plus low-flying fighter at-
88mm) 832 tacks on lines of communications behind the

4.5 inch (m-dium) 32 enemy's front.
5.5 inch (medium) 20 On the night of 23-24 October, 68 Welling-
105-mm (field) ("Priests") 24 tons and 24 Albeeore. attacked continuously

- In the northern and southern sectors, concen-
9 trating on enemy gun positions, armor, and

6-pdr (antitank) 753 encampments. Thirty night-flying Hurri-
2-pdr RA (antitank) 105 canes (from Squadron 73) strafed ammuni-
2-pdr Inf (antitank) 416 tlion trucks, field guns, emmuniz.-on dumps,

- vehicles, transport, and repair shops.
1,274 On 24 October, a record number of light

4.2 inch CW Mortars 12 bomber sorles was flown -gainst enemy
Note. Divisional artillery CP's were very veh!cl".. In all, I z:.tacks were made, 174

simple and mobile. Thne 2nd New Zealand sorties being made by Boawns and Baltimores,
Division's CP had 1 3-ton lorry and 3 Dodge and 48 by Mitchells. These sorties were sup-
8-cwt trucks. Regimental CP's had 1 staff ported by escorting Kittyhawks and P-40's.
car and i dug-out. Since medium artillery These atha.ks met the heaviest antiaircraft
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activity, 5 Bostons and 1 Baltimore being de- and 11 fighters destroyed, 7 bombers and 1
stroyed and 7 Bostons and 3 Baltimores be- fighter probably destroyed, .nd 5 other air-
ing seriously damaged. Twelve Hurricane craft damaged. RAF losses were 4 fighters
liD's escorted by Hurricanes destroyed 18 and 1 Baltimore shot down.
tanks on El Taqa Plateau. There was con- On 28 October, the last day on which enemy
stant fighter patrol ovei the battle and for- land forces took the initiative, 7 attacks were
ward areas by Spitfires anO Hurricanes and made in an area 3 miles by 2 miles against
constant cover for tha assembled armor. tanks and vehicles Sixt3 three Baltimore

On 24-25 October, 69 Wellingtons and 16 sorties, 39 Boston sorties, and 24 Mitchell
Albacores attacked enemy transport in the sorties were floxn with an escort of 108 Kitty-
northern sector and Squadron 73 of Hurri- hawks, 39 P-40's, and 12 Hurricanes. The
canes strafed the central and southern areas. RAF shot down 9 planes, probably destroyed 3

On 25 October, 7 light bomber attacks were more, damaged 6, and lost 2 fighters. The
made by 96 Bostons and Baltimores, with 24 USAAF shot down 4.
Mitchells, 46 fighter-bomber sorties and con- For this last period, 24-28 October, Allied
tinuous fighter patrols by Spitfires and Hurri- air sorties averaged 811. October 24, the first
canes; they shot down 6 ME 109's, 1 MC 202, day of battle, was the peak: 952 sorties.
damaged 4 ME 109's and 8 fighters, with a loss Twenty-five planes were missing when the
of 1 Kittyhawk. US P-40's destroyed 3 Ger- phase ended.
man fighters and damaged several others. ALLIED ARTILLERY EMPLOYMENT

On 25-26 October, the Wehingtons and AND THE BATTLE OF EL ALAMEIN
Albacores attacked enemy transports. For any major attack, no restriction was

On 26 October, there were 7 attacks by 100 placed on ammunition expenditure. 2xcept
Bostons and Baltimores, 22 Mitchells' and for the initial attack, when ample time for
escorting Kittyhawks on concentrations of preparation was available, the limiting factor
troops in the northern sector. Independent was the ability of the second line and unit
attacks were made by 30 well-escorted Kitty- transport to bring up what was required. The
hawks, and light bomber attacks were made divisions on the fror t of the main attacK were
on air fields. Tank busters of Squadrons 6 never limited in ammunition, but after the
and 7, South African Air Force, in the south first 2 days, the divisions on the southern arid
got 4 tanks and 2 armored cars. Seventeen central parts of the front in both corps were
enemy fighttrs were shot down, 13 damaged, limited to 40 rounds per gun per day.
and 9 probably destroyed. The RAF lost 4 To provide for this tremendous outlay of
fighters. shells, elaborate and concealed dumping pro-

During the night of 26-27 October,, the me- grams were initiated. Each gun position was
diurn bombers ý-,ntiiiued their night!y atec,-.s to dump 620 rounds per gun during darkness,
in the northei., sector and also bombed th,,e in the days before the battle. Thus. the 2nd
Adi Haneish landing grounds in order to limit New Zealand Division's Ammunition Coin-
the enemy's night bomber effort. Night-fly- pany spread its program over nights. For the
ing Hurricanes also carried otut offensive pa- 96 guns under its command, 12,096 rounds per
trols over tnese enemy landing grounds. night were dumped each of the first 4 nights.

On 27 October, ten attacks on enemy con- ('T the fifth night. 11,000 25-pounder and
centrations were made by 177 escorted RA. 8,000 Bofors ammunition ro. _.-, , .. re cached.
and USAAF bombers. In the meantime, fight- To accomplish this, the ammunition trucks
er-bormbers attacked another concentiation v #.re loaded with only 68 rounds per gun each,
of enemy transport in the central and south- the first 3 nights, so that oni' gun per troop
ern sectors where the flak u as less forni!l-able cuuld be roirpleted Pa'-., ")f thost iignts.
Additional bomber activity indicated success- On (he northern secto,, for n,.re than 2
ful attacks on the docks and railways at Mat- weeks prior to the attact, a silent coitrter-
ruh and the landing groand at Fuka. Total battery policy was adopted, except for certain
enemy losses durirng t.'; day were 7 bombers destructiv,_ rinE againsl particularly active
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enemy batteries, and neutralization firing sufficient for an artillery barrage, the program
against roving guns. provided for 25 percent of the guns (1 per

In the main a•ttack, set for the night of 100 yards of front) to fire on a barrage line
23-24 October, the frontage of attack was to keep the infantry on its proper line of al-
some 7,000 yards, for. the, 4 divisions engaged. vance. The remaining 75 percent of the guns
Support was to be provided by 360 25-pounders were to fire timed concentrations on known
and 48 medium gans. The!re were only 3 enemy defenses. This division's infantry had
regiments of the latter (2 of mixed 4.5-inch assembled on a start lhi, 1,7ni) yards from the
and 5.5-inch batteries, one of 4.5-inch guns enemy positions, the 5th New Zealand Bri-
alon.), so all were used for the main attack gade attacling on the right, the 6th New Zea-
in the north, under CCRA, XXX Corps. In land Brigade on the left. The 9th Armored
addition, some 48 25-pounders were available Brigade followed Closest to the assaulting
from 4 Indian divisions for the initial phases. infantry were tho 25-pounders. The remain-
The concentration of 25-pounders was thus mg 25-pounders were posted farther behind,
about 1 gun per 17 yards of frontage of furnishing tn he.cavy barrage, while 800 yards
attack. behind the front of the barrage were the me-

Inasmuch as the attack was to advance to dium artillery. Zero hour was 2000 hours
a depth of about 4,000 yards, the fire plan All 4 divisions attacxed simultaneously, be-
took the form of concentrations on all pre- tween 298 and 285 grids (approximately 8
pared defensive localities, the fire lifting from miles of total frontage and 4 miles of depth).
locality to locality at an average rate of 100 Owing to the dust and smoke raised by the
yards in 3 minutes. In 2 localities where Axis artillery barrage, visibility was no greater than
deftnses were less well defined, support took 20-30 yards.
the form of barrage, with an average rate of In the assault waves attacking across the
fire of 2 rounds per gun per minuie minefields were the division's rifle companies;W .20 ofPcers and 400 men Behind came the

For 20 minutes before zero hour for the in-
fantry attack (1940-2000 hours GCT), an un- hean
precedented counterbattery neutralization In the subsidiary attack carried out by the
opened up. At various phases of the attack, XIII Corps in the scuth, support was provied
up to 4 field regiments and 3 medium regi- by a mixture of barrage and concentration,
ments were used on counterbattery tasks, but preceded as in the XXX Corps' operation by
at other times all available guns were concen- concentrated fire for 30 minutes on Axis bat-
trated on the enemy's forward positions. teries and localed antitank guns. As pre-

The counterbattery fire kept up after the viously mentioned, no medium artillery was
normal artillery plan had ceased. The me- available here.
dium artillery program lasted for 51_ ý. s. Several smaller attacks were launched, gen-
but the guns i-ed more or less continually for erally supported by concentrations of fire.
20 hours, and the ammunition expenditure The 51st Highland Division was supported pri-
was over 300 rounds per gun. marily by X Corps artillery. Depth o; all at-

The Aultralian infantry division was sup- tacks went to 4,000 yards. The initial attack
ported by its own 3 field artillery regiments took 3 hour s, in addition to counterbattery fire.
and 1 medium artillery regiment; and 1 at- To the extreme north, the 24th Australian
tached medium artillery regiment, besides the Brigade of the 9th Australian TV,, ,on made a
fire assistance of the 2 neighboring divisions feint attack between Tel El Eisa and the coast.
at tines. zupport was furnished by a chemical watfare

The New Zealand division had 4 field regi- mortar company, fluL ng HE -,hells. Only 2 of
ments and 1 medium baitery; totalling i0i ti,:i cory-ranv's 3 ,etliu-.s (UL .-,quads) could
guns. The front of file was 2,500 yards, as be dcployed. Thesc 12 42z inch u ;rtars were
first objective (1 gun per 24 yards). This arc allotted all of the available 1,60b rounds of HE
widened to 4,800 yards, as final objective (1 shells. The mortars fired for 4 hours, averag-
gun per 46 yards). As this was not really ing 133 b._', bs per piece fired during the idght.
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One regiment of tdl° Artillery was The artillery units engaged were the field
equipped with US-manufactured 105mm gun- artillery of the 2nd New Zealand Division, 51st
howitzers mounted on medium tank chassis Highland Division, 1st Armored Division, 10th
(the British Priests). These vehicles were Armored Division, plus 1 regiment from the
used for immediate support of armor alone, 9th Australian Division, and 2 medium regi-
and moved up with the latter. Priests were ments. Fire was placed in concentrations on
not included in any of the artillery night ac- known and likely enemy localities in the bar-
tioni or day concentrations at Ei Alamein. rage lane, and on the flanks of the barrage up
Ammunition expenditure totalled 18,000 to about 2,000 yards on each :ide. The num-
rounds. ber of guns employed in the oarrage were:

The total number of 25-pounder rounds fired 192 (or 1 25-pounder per 21 yards of barrage
during the period 23-24 October to 4-5 Novem- frontage); on centrations:. 168 (or I field or
.er was over 1,000,000 rounds. Average ex- medium gun per 22 yards over the total 8,000
penditure of 25-pounder ammunition was 102 yards covered by the fire plan).
rounds per gun per day, through this 12-day The average rate of fire was 2 rovund3 per
period, gun per minute As before, the infanitry at-

Over the same length of time, the medium tack was preceded by concentrations .-.1 all
artillery fired an average of 133 rounds per available guns on hostile batteries, In 41/2
gun per day (4.5-inch guns) and 157 rounds hours, 15,000 rounds were fired. The total
per gun (5.5-inch guns). number of guns engaged was 300 25-pounders
Supplementary Artillery Actions and 20th Corps medium artillery.

The initial attack on 23-24 October may Two nights later, the 5th Indian Infantry
have seen the most spectacular employment Brigade was supported in its attack by 10 field
of artillery in the desert by the British, but regiments and 2 medium regiments, totalling
other succeeding major concentrations are 270 guns.
worthy of note in the next 12 days of fighting CASUALTIES

On the night of 30-31 October, the 26th During the first 24 hours of the battle (i.e,
Australian Brigade launched Ln attack north- by 2200 hours, 24 October), 839 casualties
ward. The field artillery of 3 infantry divi- passed through the New Zealand division's
sions and 1 armored division lent support, medical stations alon .. These figures include
in addition to I field regiment and 3 medium British and South African wounded (See
regiments. A total of 260 guns wa-s em- Table XVI.)
ployed. By 1800 hours, 25 October, the 8th Army

The 151st Brigade (50th Division) and had taken only 1,400 prisoners on the whole
152nd Brigade (51st Division), backed by the XXX Corps front (nearly one-half Germans).
9th and 23rd Armored Brigades, attacked on Of this total, the New Zealanders took 260
a 4,000-yard front on the night of 1-2 Novern- prisoners.
ber; the depth w-s 6,000 yards. Bifoue tnis im- Casualty evacuation arrangements for the
portant offensive (known as "Supercharge"- battle, based upon an estimate of casualties
-just as the initia! operations were known as expected, had been as follows:
"Lightfoot"), the artillery opened fire prima- Normal Battle
rily in a --.- ?ing barrage by moonlight. Since Sick Casualties
little was known of the enemy's defenses, and D minus 3 330 20
since adequate guns were available, an abso- 'J minus 2 400 20
lutely straight barrage commenced on the for- D minus 1 450 20
ward grid line, and moved exactly at right D Day 350 500
angles to the opening line to a depth of 4,000 D plus 1 300 2000
yards at the rate of 100 yards per 2 / minutes. D plus 2 300 2000- D1 plus 3 J3,0 2000
The barrage did not extend beyond the front- D P.1 4 200 WOO
age of the infantry attack The troops them- D plus 5 300 1000
selves were withdrawn to a line of cairns 1,700 D plus 6 300 1000
Yards behind the grid line D plus 7-9 300 500
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Actual admissions to British central col- avoid these casualties, one tank per troop was
lecthg stations and field ambulances were: kept forward to observe. The remainder of

Battle the tanks lay behind the ridge until called
Sick Casualties forward into fire position. Individual tanks

August 1942 10,649 449 were stationed at 50-yard intervals, with 100-
September 10,417 1,470 150 yards between troops.
October 11,141 7,634 In the attack, the 23rd Armored Brigade
November 8,698 3,602 with 4 regiments (1 p.-i mfiaatry division in
December '7,196 632 the XXX Corps) normally allotted 1 tank bat-
By 11 November (when the pursuit to Fuka talion to 1 infantry battalion. In an area

began), the Allies had suffered 13,500 cas- cleared of mines, tanks attacked by day on a
aalties: 12 percent killed, 63 percent wounded, front of about 800 yards, and a depth of 400
25 percent missing. Four hundred thirty-two yards. The same tank battalion attacked by
tanks had been lost to enemy action, but night on a front of 400 yards, and a similar
most were repairable. The X Corps lost 50 depth.
percent of its tanks in the first 3 days.

At the same date, the Germans had lost TABLE XVIEIGHTH ARMY CASUALTIES, 23-26 OCTOBER
34,000 killed, wounded, and prisoners of the (0600 HOURS)
Italians, 25,000. About 500 tanks had been
destroyed in battle or captured and demol- FORMATION OFFI- OTHR TOTA

ICERS RANKSished.22 At least 400 guns had been captured -.
and 600 destroyed. Many thousands of lor- 9th Australian Division 62 1,006 1,068
ries littered the dunes. 51st Highland Division 96 1, 860 1,956

2nd New Zealand Division 62 860 922 IAn example of the losses of an Axis infantry 1st South African Division 51 542 593
division is seen in the casualties suffered on 4tb Indian Division 2 75 77
21-31 October by the 164th Light Africa Divi- 273 4, 343 4, 6-16
sion: 178 dead; 507 wounded; 1,896 missing; '2nd New Zealand Diwson's figures :nclude the 9th
659 sick; 3,240 total. Armored Brigade, which v as a part of the division

As noted previously, the division's man- Note The ratio of killd to wounded averaged aboit
power dwindled from 9,000 to 3,500 by 20 No- I in 5 The 4th Indian Diision may have beer rather
vember. For example, the 125th Panzer below es,bhlishment. No returns on fightirg strengths

Grenadier Regiment then had only 454 men are availab[.

left; the 382nd Panoer Grenadier Regiment, The tank and infantry battalions, attack-
455; the 433rd Panzer Grenadier Regiment, ing together, covered an 800-yard front by
1,157. moonlight and a 400-yard front by starlight.

NOTES ON TH., EMPLOYMENT The tank squadron and an infantry company,
OF ARMOR IN THE DESERT attacking by moonlight, coverdri a 400-yardfront. The maximrim depth might be as• much

It was learned early that dispersion was the as 1,500 yards in any case..
sole me,. -f protecting motor vehicles and
installations from enemy air activity in the PRESSURE POINTS AT EL ALAMEIN
desert. Larger areas covered large spaces, Certain special considerations e"""' into the
generally at least 200 yards between vehicles, possible use of an atomic wcapon at El Ala-

Defensive operations presented special prob- mein. Contour height at the areas of bitter-
lems Holding a ridge from hull-down posi- ýsý fighting was no more than 50-70 meters.
tions, there was always the danger of artillery The terrain was geemrlly f3t ,:tfth no cover
concentrations against the ridge itself,, with for hi1fa.try. The sxoi.z wore !t-e-length
resultant heavy casualties. Therefore, to shorts in addition. After the 20-minute ar-

1253 were lost at El Aqqacir (2 November" to X tillery barrage, a very heavy pall of smoke
Corps; plus 222 guns. cut down 1.i-ibility, and hung in the air.
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Atomic bombs delivered on the XXX o s The psychological effect of an atomic air
at 2200 hours, 23 October, would have caught burst might therefore have greatly aggravated
4 divisions in c.- area of 8 miles by 4 miles, at the normal command problems of the dawn
the breakthrough point. About 30,000 men breakthrough. The problem of destroying the
were involved therein: the 51st Highland, 2nd infantry divisions before the armor attacked
New Zealand, and parts of the 9th Australian would be weighted by the defender, against
and Ist South African Divisionsz. Two hun- the merit of catchlng bunched-up mixed for-
dred ninety were operating with these dlvi- mations prior to decisive expi.,itation.
sions as well. Inasmuch as the opposing lines were 3,000

The main attacks were made by infantry yards apart, and because the terrain was gen-
brigades of the XXX Corps. Before the of- erally flat, it would be advisable that friendly
fensive, the equivalent of 4 infantry and 3 ar- troops in ordinary uniforms in the open with-
rmored divisions were concentrated behind a draw about 5,000 yards from the aiming points
front 8-10 miles wide. Much of the area was of an atomic weapon.
unsuitable for la guerre de manoeuvre, and Destruction of the 164th Division and
congestion in the assembly !treas behind the Trento Division by atomic weapons would
mineflelds was very great. From the initial have opened up a wide path for the X Corps
assembly line along the track south of El armor, and would have obviated operation
Alamein Station, British armored columns Supercharge.
rumbled forward, in 2 paths 1,500 meters wide. Axis armored and artillery concentrations
The 2nd New Zealand Division had moved up were generally insufficient for quantitatively
from its concentration area at Alam el Onsol profitable attack. But the X Corps itself may
to the Bir El Makh-Khad area (Maps 16, 19, have provided a rare case of the target of
and 20). opportunity while in its staging area to the

By dawn of 24 October, the 2 armored divi- south of El Alamein Station. The diamond-
sions of the X Corps had entered the salient shape deployment of the artillery made the
made the previous night by the main infantry latter much less susceptible to mass-destruc-
attack on a front 12 kilometers wide and 6 tive attack.
kilometers deep. Various armored divisions The peculiar logi;tical problem of the .e-
and brigades remained in this salient until the gion (one single-track railroad, one coastal
final breakthrough occurred. The situation road, tracks through soft sand) made supply
was thus peculiar in that the 2nd Corp was of fuel and ammunition critical. For In-
deployed in a rather small area, in which there stance, 5 days of ammunition were cached in
was considerable congestion. Specifically by the lines, 4 days in operational dumps, 3 days
1000 hours on 24 October, the 1st Armored in railheads, 7 days in additional holdings, 60
Division was right behind the 51st Hlghb'a.;d miles away. Tho base depots were 120 miles
Division and ti . 9th Australian Division. The from the front. The necessity for a tremen-
armored column cleared a gap for itself and dous build-up of this ammunition supply Indi-
went through. These formations were then cates that if the transportation links could
in a wedee about 6 miles at the broadest point, hare been repeatedly knocked out, and cer-
narrowing to an apex of little more than 1/2 tain histallations disrupted, insufficient am-
mile. With the rifle strength of the infantry munition stores would have beer. available by

divisions still largely up to strength, a real 1 November. Operation Super,...-,..ge could

pressure point ha developed. For lar, dur- not then have been initiated, nor a break-out

ing the period of the widening of the initial produced.

bridgehead in the fighting at El Alamein, the EFFECT OF ATOMIC. '%..APONS
drain on rifle companies became so heavy that Th.-: iispositlon of the 'ritish ft .. es under
it was not uncommr.on for the bayonet strength General Montgomery and the Axis forces un-
of a battalion to be reduced to no more than der General Rommel on 23 October 1942 are
1(5-200 men. shown in Map 17, which duplicates General

102



Appendix B pidP*Ur

-I I

1340 
..

A 13 A -- K I U

\ at

. i~ 4%

13414 4

rq 42,

10



111010 Spe euir Analysis of Military Assistanco Program

40'1

00

(D-.
c~SM

C4
OEM*

cn

19

InI

1041



Appendix Bli

Montgomery's own map. Only approximate TADLz XVIII
information is available on the number of DISPOSITION OF AXIS %IANPOWHR
men In the various divisions of the 30th Corps--------UNIT i~
and 13th Corps, and from this information
Table XVII gives a re&sonable estimate of the Trieste Motorized lIu Div ......... 1, 500

7. 0th Light (Mfotorized) lIn Div . ..... 7, 300dLhtrlbution of manpower along the front just I 5th Panzer Div ......... -. 13,.000prior to the decisive British assault. i~ittorlo Armiored Di.... .... . 60.000

An estimate of the disposition of men Itcrsoglieri................................I1, 800
IO1th l4,!'ht lIII DIv . .. . . . . . . . . 0,000among the various groups of the Axis forces A emall unit near Kidney Itidgn ...... 000

is given in Table XVIII. Trento Int Div.............. 7,00M
For the purpose of this analysis, which Is to Bologna Inf Div........................ 0,000

ilresp.'a Inf Div.... . . . . . . . . . . 6,000indicate the effect of atomic weapons in this 21st Panzer Div In two units:
situation, meaningful conclusions can be Southern Unit .......................... 13, 000
drawn even though exact Information is not Northern Unit ......... ............... ..6 o00
available on the distribution of the men. The Foigoro lId D~iv ..................... ...... 5,000
pertinent situations will be discussed under PaVA III(m Div ............................. 4,800

Kiel and " 3rý' Peec Groups ...... .. 2,500
severul assumptions as to the protection which Ariete Armored Div .............. ....... 6, 500
the nr,,n may have had and might conceiv- 9,0
ably have had if they had knowledge of the --- --.. 9,0
possibilities of atomic weapons being used. ThAxsmnwrwaedotetief

FIRST SITUATION the projected use of the atomic weapcns and
ASSUMTIONSwere In fox holes, the case upon which Figure
ASSUMTIONS25 is based.

The Axis troops were in the defensive posi- The British Infantrymen massing for at-
tion indicated and expected an attack in tack were disposed es-sentially in the open, the
strength. ,.case upon which Figure 27 is based.

The Axis had 20 KT atomic' 1jombs, air The personnel of the British armored ye-
burst. hicles w:ere in the open as thel were massing

The British were massing for an attack In but not in battle positions.
strength. Approximately 2,OOC yards separated the

The British did not have preknowledge that opposing lines.
atomic bombs would be used. Under these assumptions the following

The disposition of men on both sides was as consequences of this situation are obtained:
shown on Map 15. From the curves of immediate incapacit~at-

ing casualties, with ordinary uniforms for
TABLEXVIItroops In the open, out to a radius of 3,500

DSIB TION OF AlAIJE IANO yards fr-nt the bomb center of a 20 KT bomb
flISILIIUTIN O' ALIEDMANPWER burst 800 yards above the ground there would

irMEN_ be about 25 percent Incapacitation. The ter-
0th ustal~n Dv..................i30~C rain was quite flat and devoid of trees. Three

51st Di)v . ............... 13,000~ 20 KT bombs spaccd i'bout 8,000 yards apart
2nd New Z/ealand1 Div ........... 0, 300 along a line bctwueri the coastal position of
1st Rtouth Africaun Div . ....... 12. 000 the 0th Australian and the Ruweisat Ridge
40. hidijai Dlv.. . ... ,O would be expected to incapacitate about 25
io~ti Corjrn, ilet ittid loth Arumoredl Div. 34, 0N preto00e9h 1t n NwZaad s(;r(,.k INA.................... ... a pece, 5ftMOl. 1t 2dNwZaad s
hoth DIV.................1.... I. South A:.,1:,%%, ana 4th Indian, iLe., ' 3 perrent,
4 Ith Div..................l, XIo of 55,800 or L3,950 &rten. After the Haiti@- ur
Fr,,, i'rnue . 2. 1101 Alamein, the total British casualties to 11 No-
7thk %rmored D'iv I0,~ 01W vember were 13,6000 killed, wounded, and mWs-'

1:130 ing.
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Equally important is the fact that incapaci- a radius of 1,400 from the zero point of
tatioa of 25 percent of the artillery would an atomic burst more than 25 percent inca-
very probably L. enough to render the artil- pacitating casualties may be expected.
lery support of the attack ineffective. In this Twelve atomic bombs spaced 1,000 yards apart
situation General Montgomery had managed would be sufficient to incapacitate more than
to bring up most of the 1st and 10th Armored 50 percent of the British forces from the 9th
Divisions of the X Corps disguisecd as trucks Australian. 51st Highland, 20id New Zealand,
and they were ma.ssng opposite Miteiriya 1st South African, and Iti Indian Divisions as
Ridge. situated. Ten 20-KT atomic bombs spaced

From Figures 25 and 27, it is estimated that 1,200 yards apart along the sarAe line would
within a radius of 2,550 yards there would be result in more than 25 percent casualties, and
100 percent incapacitating casualties. Five 20 would probably be sufficient to render the ar-
KT bombs would be required to cover the same tillery ineffective.
offensive position this way and would result in CONCLUSIONS
the incapacitation of 55,800 men, of whom at Ten atomic bombs would probably be ruf-
least 55 percent would be dead. ficient to prevent the offensive.

CONCLUSIONS Twelve atomic bombs would be sufficient to

For the first situation, it is concluded that:, incapacitate more than 5u percent of the men

Three atomic bomb explosions appropri- massed for attack.
ately placed would probably have prevented THIRD SITUATION
the British from executing an effective of-
fensive, principally due to the serious loss to After the British attacking troops had made

their artillery, the first penetration at the Miteiriya Ridge

Five atomi2 bomb explosions suitably placed section, they had penetrated into a German

would incapacitate 100 percent of the 30th position which is shown in Map 19. The de-

Corps and the fraction of the X Corps armored velopment of the position of the 2nd New Zea-

divisions employed opposite Miteiriya Ridge. land Division in these earlier days of the at-
tack from 23 October to 27 October is shown

Considering some of the other British forces in Map 20. This sitt atlon will be consldere(.
in the 13th Corps to the south, it can be seen
that more than 50 percent of the 7th Armored ASSUMPTIONS
Division would be incapacitated between 2,550 The Axis had available air burst 20 KT
yards and 3,050 yards by an atomic bomb burst bombs.
ower the center of the dotted area using the The British did not have knowledge of
point on the suitable curve giving 3,050 yards atomic weapons.
for 50 percent incapacitation. For the dis- The British troops were in the open and in
tance out to 2,510 yards from the zezo po-t ordinary uniforms.
of the bomb thure would be 100 percent in- It is seen from Maps 19 and 20 that the sail-
capacitation. ent at which the BritiTh planned to break

through is about 3,000 yards wide at the Axis
SECOND SITUATION position of the line of antitank mines and

ASSUMP£f!I1S mounted guns situated about 2,000 yards in
The same assumptions are made as m the fr.-_it of Mitciriya Ridge. The Ridve is the

first situation with the exception t.hat the line of contour of Map 19, at 30 iietars above
British troops are equipped with speciai uni- sea level. Early on 2-3 October at 2200 hours
forms, Lu which both Figures 25 and 27 refer, tfh,Žre were about 30,000 troops directly behind
and this implie that they have cognizance of this salient in an area Gf 8 by t miles, and this
atomic weapons and theh possibilities tac- concentr9t-1n would z- a gooa target for
t!cally. atomic weapons, for two atomic barsts of 20

Under the assumptions of this situation it is KT in depth with a separation of 3 miles would
seen from the curves for immediate incapaci- incapacitate 100 percent of the troops out to
tatir.g casualties, spec ta; uniforms, that within a radius of '_ 550 yards from each bursi and
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would incapacitate more than 50 percent of cent incapacitation the employment of one
the troops between 2,550 and 3,050 yards. 20 KT atomic bomb above Mi teiriya Ridge at
This means that, of the 20,000 total troops an the center of the planned attack salient wnuld
estimated 23.000 in this congested area would have cleared a path 5,100 yards wide at the
be incapacitated, and of the remaining 7,000 ridge and probably been sufficient to effect the
more than one-half incapacitated. breakthrough immediately thereafter since

The next morning the 1st Armored Division the defense was not in great depth, and the
of the X Corps was in this same area and tak- artillery personnel would havL tven :nore than
ing its strength of 17,000 men or one-half the 25 percent incapacitated out to a radius of
X Corps, there was a possibility of incapacitat- 3,500 yards from the zero point.
ing the same estimated fraction, 88 percent of To consolidate such a breakthrough it would
,he.. or 15,000 more troops. probably be desirable to employ atomic weap-

However, in order to counter an offensive ons against the 15th and 12th Panzer Divi-
concentration of this kind with atomic weap- sions assuming that they were deployed within
ons, great care would have to be exercised the regions shown in Map 17. One 20 KT
since from the curves ol deaths and casualties atomic bomb suitably placed over the 21st
(Figures 25 and 27), it is noted that for Panzer Division would incapacitate practically
friendly troops in the open in special uniform the entire division immediately and an esti-
the maximum tolerance effect is it 1,900 yards mated 75 percent of the 15th Panzer Divi-
from the zero point of the bomb, at 2,000 yards sion. This would mean about 23,000 of the
for friendly troops in fox holes in ordinary armored personnel and would probably lead
uniforms, and at 1,650 yards for friendly troops to rapid consolidation )f the breakthrough
in special uniform in fox holes. So it is con- with subsequent enoirclement of the remain-
cluded that in most cases about 2,000 yards ing Axis forces.
must be left between friendly troops and the BIBLIOGRAPHY
zero of the bomb burst.
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FOUATH SITUATION London, 1944.
ASSUMPTIONS Montgomery, Field Marsb-Al, Sir Bernard L:
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CONCLUSIONS German

In this assumed situation it can be seen that Beitrag zur Alamein-schlacht. 15 Pz Div.
using 2,550 yards for Ahe radius of 100 per- Confld; 4 ial.
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THE ST. LO BREAKTHR4OUGH

INTRODUCTION expected damage' frem atemic 8ttaick upon
On 25 July 1944 the YGS First. "rmy broke grourid forces, the St 1,, aý ticn ha" providz~d

out of the hedge-row areas of Normandy, at r~asfrsm-uniaieetxae fdm
the base of the Cotentin Peninsula, wh! age and for logpcal, sýpecifc reasoning about
progress had been so laboriously slow until typtýs of military circumstances which will re-
then. The bireakthrough was perform ed by quire FIture commanders ir make difficult se'-
the VII Corps, unide" the command of Lt Gen lections; from their baf,% oi weapofLq, including
J. Lawton Collins, the scene being a 5-mile atomic varieties.

strech f te St LoPerers ighay ust In estimating what would have hapipened If
outsiet of town onthe nortwiest Midea ofust one side or the ,other had used atomic Lambs.
Lo.tside ofrtomno the northwest turne Of hStr all pi-oblenis involved in delivering that
eoentswich irmth critinalled turnis hreatronch Weapon singly, or izl ivwo vin more coordinated
ecvint wasicharaterignled, princirallkytheog &op have intentionally been by-passed.
actonwtatinosU forrctese prihiatl ber mased Deliverability considerations are so nuinerous
concnrthasautiand byUfre thet bombrn mattscd aid so complicated that they are consiciered
whcorrcee thersalt andvante bming atascark to be outside the ,Pcope of the present study.
bombing oertion thei advnceyn troos cerpet Etiniates of effects are therefore basec. upon
showered with what wa.r perhaps the greatest teasmto httes.tdnrb~so

conenraio o bmb evr se i te is bomfbs have in somec manner been 'delivered
concntrtio ofboms eer sedin he is- unon. t'he selected points.

t~r1V Of f Acticall warfare- This by-passing of deliverability problems
As a test situation for exploring the tactical is diilficult to maintain, however, when the

DM'Ssibilities of atomic bombs, the St. Lo break- safety-withdriawal of friendly trcips is being
throug,,h afforded two conjectural opportunm- examniled. The d, stance to Arhich they must
ties for advantageous use of that weapon: aii withdraw is u~navoidably dependent upon
opportunity for the Germans to have used it, bombing accuracy, and this depends upon the
again.ot our mas-sed forces; and an opporIP'mity method &ý dellivery which Istc be used De-
for us Wo have used 'Ior more atomic bomnbs Ii- livery by gulded missiie is another means
stead of th~e 5,000 tons of eclnventional bombs which should be consiclered. Since accu-
which actually Were Lsed in ;he ca,-et bemnb- raciess to be expected fire still unproven, it
ingr It was therefore selected as the iut-ect. would be unmprofitable *to bwA,. withdrawal pro-
of a scienuftc itudty. tte cxtz~nt anci detail of cedures upon this means for delivery. The
which would aepend upon. the completeness in best recourse Is to use a nominal accunacy fig-
which epssent ial facts were found r. the recoid tire from strategic bwAmiý1g experience'and

As the study progressed it became apparent study. shaded a bit towyard the low-eirror side
that t'-e exists too little dleiailed inforyna- to allow ?oi- the dilferenoo betwezen strategic
tion about exact locations and strengths of and tactical accuracies. As a iround flgue,, a
nmilit~ary units on either side to support the t.PE (eircular probable error) _7 ..000 yards
elaborate analysis which would be necessary is reasuinable.I
to make refined predictions of dnmiinge which A dcisirable withidrawal procedure would ap-
wouli have 1Yoeen sustai-ned !ra,)n atoriuc-borrii pear to rest uppon the following- criteria:
attack. It hab therefore brý-_n necessary, to 1. Withdrawal -Cst~itorn to !ý,! prepared, I
bast; estimrates upon figunres represpnting av. conmy'r::in- foxr holezi ur 1)ett-er pr--tection for
eragge concentratiorls of mnen arnd materiel friendly troops.
within by-pothetica! bo)rn'o damage arpeas. Ir.- 2. Frie-ndly troops Vo be warned of the im-
stead o.' being a bftsis for detailed analysis of pending 'ise of each atomic bomb, with P time
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accuracy in the order 21,6he minute Xobable TABLE XIX
error, in order that the, 'he avail- MEN AND EQUIPMENT FOR FIVE INFANT'11

able cover. REGIMENTS I'ER FM 101-10

3. Minimum withdrawal distance for nearly ,AVFRAGE CON-

zero probability of permanent injury to MEN AND EQUIPM1,VC TkTiS FOi CENTRATION
friedly ersonel15 -INF WEGTS] PERSQUARE,

friendly personnel. The hazard which fixes N F ,.QA
the minimum withdrawal distance is Gamma -_ -

radiation. The cou2'nterbalancing hazard Men 29 c 36 2, 600

which affects the maximum withdrawal dis- Tanks 216 20•.enaimn ihraa i- Guis and .Mortars 29, 374 2, 700
tance is the time required to attack after Rocket Laui,cherN 846 77
atomic bombing preparation. Casualties in Trucks, Tractors and Ar-
attack become much greater if too much time mored Cars. 3, 621 330
is allowed to pass between bombing and Arsuntion !ens •1,763 160

attack.23  Elcetrical Eqmipment :
Switchiboards 84 8

4. It appears that a minimum distance of Radio Sets 840 76
1,600 yards from the projected center will be Meteorological Observa-
typical for air burst of a 20 KT bomb, the ran- tion Sets 1

Telephones 200 18
domness of bombing requiring withdrawal Power Unts !17 218
beyond that distance by an amount which will Detector Sets 16 1 5
depend upon the risk which each commander Fioating Bridges 27 2
chooses to accept in return for greater safety I Figure may bc doubled w unte are deployed for
in subsequent attack. combat

WHAT DID HAPPEN? troops and their equipment, as listed in Table

The breakthrough was performed by the XX
US First Army, VII Corps, which had concen- With respect to artillery, the General
trated its 9th, 4th, and 30th Inf Div back of a Board reported 4 "On the division level there
5-mile front extending from the Vire River was what might be called a normal organiza-
westward along the St. Lo-Periers Highway. tion for combat for the division concern&ed."
The 119ch Inf Regt rested its left flank on the In addition, 7 more 105amm howitzer battal-
Vire river. Next in order were the 120th, the ions were attached to the VII Corps, the 9th
39th, 47th, and 60th Tnf Regt. Their forma- Inf and the 2nd and 3rd Armored Div getting
tions extended back of 'lie line for a distance 2 each, while the remaining 1 went to the 30th
ranging from 2 Wu 2h/ miles. Thus, there Inf.
were concentrated !n a total area of 10 to 12 Summarizing, the same report states: "In
square miles sante 28,000 troop. inc-r!.s-. VII Corps. the penetrating force, there was an
both combat ar ,service personnel and equip- average of 5.67 light, 2.67 medium and 3
mnent. A list of typical equipment for 5 in- heavy battalions in position firing per division
fantry cegiments taken from VM 101-10 ap- committed." The grtatest weight of artillery
pears in Table XIX whe.e average concentra- was behind the 9th Div, where there were (not
tions of :,. and various classes of equipment including the Corps general support battal-
are given also. ions) 3.3 light and 1.0 medium battalions per

The 5 leading infantry regiments were sup- intantry regiment.
ported by the remaining forces associated "At the point of break-through by VII Corps
with their divisions, backing nern u.) s5 the assailt front was 6,000 yd which gave a
cýlosely as space would permit. Thus, in a sec- density of 1 artillery piece, firinp, per 14 yd of
ond zone, immediately ba, k of that occupied front."
by the leading 5 irfantry regiments, there It s&enis from the General. Board i eport that
were also concentrated approximately 28,000 the decision to use such heavy bombing prep-

,'See Bibliography C. "See Blb. ography 4
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aration resulted in part from a shortage of tions of the coming air offensive, the enemy
available artillery ammunition. The artillery had taken no unusual precautions in the Ma-
did partcipate h. the preparatory bombard-, rigny-St. Gilles area." 25

ment to considerable extent, the flanking VIII Enemy works consisted "chiefly of road
and XIX Corps cooperating with the VII Corps blocks, trenches, various temporary field ar-
artillery in this effort. tillery, machine gun and antiaircraft installa-

It has been impossible to det.rrnhie exactly tions-supply dumps and vehicle bays."
how much artillery fire was added to the bomb Tables XXI and XXII zumri'arize "he best
tonnage dropped in the 2,500 by 6,000 yard available information about the strength of
target area during the period prior to the in- the Panzer Lehr Division, which comprised the
fantry attack. It is recorded that 3,072 tons entire German force directly opposing the VII
o' artillery projectiles were fired by the First Corps breakthrough.S6

Army during the 3 days commencing 25 July,
the bieakthrough day. Based also on partial THE ACTION AS IT OCCURRED
figures for Corps artillery fire, it appears that Phase one of the breakthrough action was 4o
approximately two-thirds of that total, or start with "intense aerial bombardment by
2,000 tons was fired during the preparation. fignter bombers, medium, and heavy bombers,

THE GERMAN FORCES of an area approximately 2,500 yards deep and
6,000 yards wide. Also the area was to beA G-2 estimate of enemy strength facing subjected to heavy artillery fire." In carry-

the VII Corps on 17 July 1944 pro-'ided a fig- ing out this carpet bombing attack the 9th
ure of 8,000 men, with 35-40 tanks. Subse- Tactical Air Command deposited 5,000 tons of

quently, i- September 1945, discussions with bombT i that area, namely a space uf 5 square

Gen Fritz Bayerlein (CO, Pz Lehr Div) indl- miles. In addition to this, approximately
cated that the actual number was close to 2,000 tons of shells were contributed by artil-
5,000 men when the US attack commenced on lery bombardment. The aw.erage explosives
25 July. concentration was therefore roughly 1,400-

"Having failed to note the build-up of troops 1,500 tons per square mile, or 1 pound p•r
west of the Vire River, and with no premoni- square yard.

TABLE XX Details of the bombing schedule are worth
MEN AND EQUIPMENT FOR 2 ARMORED DIVI- repetition.2 7  "Bombardment of the selected
SIONS AND I INFANTRY DIVISION PER FM target area prior to the attack was to be in

0,-10 accordance with the following plan`:
TOTALS FOR APPROXIMATE "(1) Twenty minutes of bombardment by
2 ARMORED AVERt.GE CON- 350 fighter-bombers on a narrow strip along

MEN AND EQUIPMENT AND I CENTRATIM-" the Periers-St. Lo Road.
1,v__ _ _ Mi LE "(2) One hour of bombardment by approxi-mately 1,500 heavy bombers on an area 2,500

Men 50, 750 3, 000 yards deep and 6,000 yads wide on the front
Tanks 890 52
Guns and Morta's 54, 305 3, 200 of the VII Corps.
Rocket La nw,.,r,- 1, !946 115 "(3) Twenty minutes of bombardment,
Trucks, Tractors and Ar- commencing at H Hour, by 350 fighter-bomN*-

rnored Ca13 19, 668 1, 200 ers on the original narrow strip.
Ammunition tons 4, 389 260 "(4) Bombardment from H plus 30 to H
Electrical Equipmncnt.-

Switchi oards 118 10 plus 75 minutes by 396 medium bombers on
Radio 6ets 1. osi 100 the southern half of the main bombing area.
Meteorological Observa- "(5) Bombardmer* of br.4ge.% c!org the

tion Sets 3 Vire arid Z'-enre Rivers ay,, their tr',btarles."
Telephones 3J9 23
Poer Units 234 14 • See Bibliography 3.
Detector Sets 33 2 See Bibliography 7.

i oatiog Bridges 54 3 21 See Biblioý:-iohy 1.
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TABLE XXI
ESTIMATED STRENGTH AND CASUALTIES OF PANZER LEHR DIVISION'

(24 to 25 July 1944)

i STRENGTH LOSSES
F ULL STRENGTHi

VINIT i 24 JULY 24-25 JULY

Men Armor Men I Armor Men Armor

Fanzer Regt 800 183 (x) 300 32 (x) 150 25 (x)
901 P'z Gr Regt i& W00 205 (a) 250 120 (a) 200 (y)
902 Pz Gr Regt 1,800 205 (a) 300 130 (a) ý30 (y)
Artillery 1,200 42 (b) 800 23 (b) 200 12 (b)
TD Bn. 220 31 (c) 120 12 (c) 70 10 (c)
TD Ren Bn 500 88 (d) 100 60 (d) (e)
Engr Bn 450 120 (f)
-A Bn 350 12 (b) 220 8 (b) 80 5 (b)
14 Para Regt 500 350
Ct IIe,ntz 450 400
Bn, 985 Inf 600 400
21cm Mortar Bn 130 4 (b) 50

Totals 7, 120 766 3, 890 389 2, 150 52

(x) Tanks (d) Armored vehicles
(a) Self-propelled weapons (e) The Entire Rcn Bn was near Percy for reorganization
(b) Guns (f) On 24 July division reservP near Carantilly
(c) Tank destroyers (y) No estimate
Note. Gen. Fritz Bayerlein, CG of Panzer Lehr Divisior, made these estimates in September 1945. He explains that

all figures should be prefaced with the qualification "about", but that he was particularly well-informed about the strength
of his units for a number of reason0 :. He had to sign and adjust daily strength reports after personal investigation, he
remembered these figures better because he always used them as a b&is for pleading for reinforcements; and as recently as
May 1945 he used a notebook containing the exact daily personnel strength figures. See Gen Bayerlein's memorandum
this subject, 9 October 1945

SSee Bibliography 3.

TABLE XXII
VII CORPS G-2 ESTIMATE OF TOTAL ENEMY TROOPS, 20 JULY 1944, COMPARED WITH GEN. FRITZ

BAYERLEIN'S CORRECTIONS FOURTEEN MONTHS AFTERWARDS

vii conps G-2 ESTIMATE P I 1E. CG. PZ LEHR DIV COUMENTs
DIv ViTIMATEI

5 Para Division:.
Co, 12 Ren Bn 150 Were actually under 2 SS Pz Division
13 Para Regt. 1,500
1 Bn, 14 Para Regt 500 500
3 Br, 14 Patre Rleg* 500 503
11 Para Pcn Bn 3-1 10 July removed to 11 Para Corps

Panzer Lehr Divwsio
130 Engr Bn 300 120 Three Bns. not one
130 Arty Bn 200 S0
4 Co. 130 Pz Ren 100 100 Should be 3 and -i Companies
901 Pz Gren Regt 700 300*
902 Pz C.,.. -cgt 700 350*

2 SS Pz Div:
SS Engr Bn 400 On 20 Jul rejoined 2 SS Ps D)ivisioni
3 Bn SS Deutschland 200

3 Para Division:.
1 Co, 5 Para Regt 200 Net in front line- of Pz Lehr Division

26.5 hf Div'ision.
2 Bn, 894 Regt. 300 **

Total 6, C50

Note By CU, 'anv'r l4 ir ])i,,in Addmiunal troops in this "cI,,r on the eat flank, were Combat Tei.m tluinz (275
In' Div), cunisisting of kiout 500 men, and a- Army Eusinier Scloul. consisting of about 100 men

* About.

10 N't kirown.
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As a result of this bombing and artillery fire stubborn resistance, employing automatic
the German foces suffered approximately weapons which were found to be well em-
1,000 casualties, or 20 percent, an estimate placed.
based on recollections of Gen Fritz Bayerlein. "Resistance decreased after the forward
The reliability of th's figure is subject to con- enemy positions had been taken, and the line
siderable question, the error probably being by the end of the day had moved forward
on the high side. almost 2 miles. The enerny':; positon was

The US 4th, 9th, and 30th Inf Regt sus- definitely broken."
tained 1,003 casualties 2" on the breakthrough What would have happened if the Germans
day. if we assume that there were 4,000- had unexpectedly dropped atomic bombs upon

,000 defenders at the beginning of the in- US forces?
fantry advance, these casualties represent an Conditions were particularly favorable to
average of 0.25-0.2 casualties per defender. Cofditions for defenseary the touse of atomic bombs for defense by the Ger-

Interpreted in terms of the analysis of ref- mans, not only because of the high concen-
erence 2 (OEG 385), this casualty level would tration of opposing US forces, but also becaus',
have been predicted after bombardment by there was a strong predietable south wind to
0.3 lb per yd 1 equivalent 5-inch AAC (anti- carry fission products away from the Ger-
aircraft common) shell, totalling 2,300 tons, mans and deep into territory occupied by US
as compared with 5,000 tons of bombs and forces. The military damage created by such
2,000 tons of mixed artillery shells which were fission products from an air burst might ac-
actually used. This fact suggests that bomb- tually have been negligible; but the south
ing may create a neutralizing effect per ton wind would at least have lent considerable
which is lower than that of artillery bombard- psychological stimulus to use of the bomb by
ment, and by a factor which may be in the the Germans.
order of 3. The Germans would no doubt have con-

To qu3te further from the Report of Opera- sidered the use of a subsurface burst in the
r4T.is, 1st US Army 3 "On 25 Julv the weather soil beneath the Vire River, as a means of
was clear and tLhe operation was ordered. The utilizing the favorabh wind to best advantagr
front line troops withdrew 1,200 yards to the It would have carried radioactive water and
north of the forward edge of the target area soil deep into US territory. However, since in-
and at 0940 hours, fighter-bombers com- sufficient data are as yet availab3 e for analy-
menced striking the initial 300-yard strip sis of damage which might have been done
along the Periers-St. Lo Road. Immediately by a sr;bfurface burst, that problem will have
following the fighter-bombers tbl heavy and to be the subject fnr a future study. Conse-
medium bombers attacked the breakthroulg quently the following estimates are based
area as schedxis'. Atl, i160 hvurs the in- sole~y upon the effects of 2G KT bombs dropped
fan,. y moved forward. for aer burst at an altitude of 1,800 feet.

"The enemy gave ground in front of the Six US divisions, pius seven aitached ar-4th and 9th Divisions after his light and tillery battalions, were concentrated as closelymedium di ..,,ery had been silenced. Prison- as possible behind a front only 8,000 yar'is

ers of war stated that our earpet bombing was wide, in contrast to typical SOP dieployment
devastating. The enemy troops who were not of I division along a front of 1.,!' 3 yards.
casualties were stunned .Mr dazed. Weapons Three infantry divisions held the leading po-
not destroyed had to be dug out of the dirt and sitions, while I Infantry and 2 armored dit-
craters, and cleaned before they could be used. visions were bhtouaced immediately behind
Communications were almrnst completely scv- thcml. In view of t: ,. -'xtrte"-. ' .",ntratlon
ered. Other units, apparently less affected throuL'±uat the limited L &al arei-, "t is as-
by the bombardment, offered mcolerate to sumed that the distribution of forces was

-•ee Bibliography 2. fairly uniform. No part of the spaze would
&.e Bibhography o. 1ave been allowed to remain more thinly oc-

•See BiblIcgrahy 7 cupied than necessary. Exact locations of
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the smaller units (individual' ns, et The areas of major damage, i.e., within 2 1-
cetera) were not found in the recor t mile radius circles, totals 6 square miles out
has thus been inlcessary to use average nu of the 10-12 square mile territory occupied by
bers of men and equipment per square mile the front-line divisions. Thus, 15,000 to 16,-
as the basis for judging nrobable damage. 000 men and their equipment would have been

Quantitative estimates of damagte have also within that intensely damaged area. Ninety
been restricted to personnel, since insufficient to one hundred percent of those directly ex-
data about atomic bumb damage to military posed to the flash, ndrnely 13,000 to 16,000
equipment are available for a realistic attempt men, would have been killed immediately if
to evaluate those losses, there had been no protection whatsoever.

On Map 21 circles have been drawn of 1-mile Since the US forces were not dug in to great
and 2-mile radii indicating the coverage which extent, and since protection from flash af-
would have been achieved by 20 KT atomic forded by trees would largely have been offset
bombs detonated at an altitude of 1,800 feet. by damage from flying branches, it seems

U U.S. FORER GIE
XX_ ST, JEAN DE DAYErz~ f f • ST ., A E

0 2 2 3

MILES

MLR
25 ,JULY 1944

120 ,119

5000 7oM5 BOMBS -S.GILL
2000 TOMS SHELLS

3 THFS AREA J GERMAN FORGES

%%,.p 21.--Thne Qý. Lo Breat-through, Normaý. v, 25 July 1944
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probable that immediate deaths would actu- in this-. dix. These figures, applied to
ally have been of that order of numbers. the geometry of 2 20 KT atomic bombs with

All the rest of the are? o'cupied by the lead- optimum placing on the 2,500 by 6,000 yard
ing 3 US divisions lies within the 2-mile radius target area, give the following casualty fig-
circles, wherein many casualties would have ures for a 5,000-man force evenly distributed:'
occurred from burns and a major psy-hologi- Men in Ordinary Uniforms, Fully Exposed:
cal effect would have been created, particu- Immediate deaths . . . . 4,650
larly during a time early in the history of Incapacitated after 1,4 hr . . . . 350
atomic attack. Ramaining effectives .0 .. 0

In view of the critical importance of skilled Mien in Ordinary Uniforms, in Fox Holes:
personnel and of relatively vulnerable corn- Immediate deaths. ........ 560
rnmnication and automatic fire control equip- Incapacitated after V2 hr .... 2,900
ment in effective US artillery fire, it is as- Remaining effectives .. . . .. 1,540
sumed that damage to artillery units repre- Depending upon the extent to which the Ger-
sented by 25 percent immediate casualties mans were under cover, their actual casual-
would stop their fire for a long time. On this ties would have been less than the first set of
basis it appears that all of the artillery instal- figures and greater thal tile second.
lations within the 2-mile radius circles, These figures should be compared with a
namely, nearly all those of the 9th, 4th, and figure of approximately 1,000 total casualties
30th Div, would have been put out of corn- which the Germans suffered from the actual
mission by 2 atomic bombs for a period long bombing. The number of deaths was not
enough for relatively weak German forces to separately recorded. They thus had about
have occupied 31 the bombed territory except 4,000 effectives ready to oppose the US in-
for the US reserve divisions. fantry, who suffered 1,003 casualties in the

These divisions, the 1st, 2nd, and 3rd, would leading three divisions. US casualties should
have been but little injured. They wouJd have have been negligible had atomic bombs been
remained opcrational, and capable of strong used.
actlon against enemy movement across the
bombed area. Two more atomic bombs, CONCLUSIONS
however, would have immobilized those di- The following conclusions omit all consider-
vision, also, principally because of damage ation of deliverability problems associated
to personnel. with tactical atomic bombing, which prob-

What would have happened if the US had lems are outside the scope of the present study.
unexpectedly dropped atomic bombs upon the It is assumed that by some means not de-
German.s? scribed, the bombs could have been delivered

Had atomic bombs then been available t,; upon the stated points.
US might have u. d thac weapon instead of 1. With 2 correctly placed atomic bombs
the concentration of conventional bombs the Germans could have substantially de-
which preceded their infantry attack. stroyed the 3 US infazAtLy divisions which

Damage comparisons show that two atomic spearheaded the US attack. They could prob-

bombs would lave done several times as much ably not have occupied all of the bombed area
damage to German personrnel as they sus- with their relatively weak forces, however, un-

tained from the conventional bombing, heavy less they had also disposed of the 3 s '4 tional

as it was. A computation of casualties was divisions which the US held in immediate re-
perforwed uporn the basis of persornel dam- serve

age estimates which are presented elsewhere 2. Two more atomic bombs could have de-
Atroyed the effectiven-.s ,,f the 3 -serve dl-

Considerations affecting the promptness with visions bh%±tcd the US front.
which atomic-bombed area' can be entered, and 3. Two atomic bombs conectly placed by
precautions which must be exercised, are described
in the next section of this Enclosure, Contaminatior US troops would have gained substantially the
a z; Dec ontamination 0o4 A,,, -.&c Bumbed Areas. same objectiv,,o which were aetually geined by

"P1'7
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using approximately 5,000 fons of convention- after the explosion. In this case only 0.025 percent

al bombs plus 2,000 tons of mixed artillery of the fission fragments were left on the ground.

z.h1l1s. "Local contamination by fission products from
bursts at altitudes less than 500 feet may be suf-

4. German casualties from 2 atomic bombs ficient to affect ground operations, but not the use
would have been at least 3 times what they of harbors. The approximr.te radiation level in

actually were. US casualties caused by the roentgens per hour on the ground at Alamogordo

Germans during the i-ititl. US infantry ad- one hour after the explosion is given in Table XXIII.
"Assuming that the rad!aaon level at any poilit

vance would havc been reduced nearly to zero varies inversely as the time, it can be shown by
by atomic preparation, whereas those casual- graphical integration of the figures in Table XXIII

ties actually totalled 1,003. that a man willing to accept 30 roentgens would have
to wait 15 minutes before crossing the area in a

CONTAMINATION AND DECONTAMINA- vehicle at 40 miles per hour. It would be six hours
before he could walk directly across the contami-

TION OF ATOMIC BOMBED AREAS nated area with the same exposure.

The following Information has been ex- "How much the area would be contaminated by a

tracted from Radioactive Contamination by burst on the surface of the ground is un!'nown. It

Edward S. Gilfillan, Jr. (ORG Technical Mem- seems probable that the radiation level within the
crater would be very high, and outside the lip of

orandumn 14). the crater about the same as at Alamogordo. Sur-
face material would be bull-dozed into the crater

AIRBORNE CONTAMINATION and the whole area covered at the new surface to
"Some radioactivity from every military atomic tolerable levels. Restoration of communications

explosion will be carried off by the winds to con- disturbed by a surface burst would not be greatly
taminate other areas. The amount will vary from hampered by radiation.
less than 1 percent from deeply buried or submerged
explosions to more thar 99 percent from bursts at REOCCUPYING ATOMIC BOMBED AREAS

altitudes exceeding 500 feet. Some of this will be "Occupation forces entering an atomic bombed
so thoroughly mixed with the bulk of the atmosphere area, whether associated with the sender or rec.lveer
as to contribute only to world-wide contamination, of the bomb, will be led a few hours after the at-
and some will be deposited to contaminate well de- tack by personnel equipped with radiological survey
flned local areas, determined by weather conditions instruments for mapping the boundaries of those
at the time of the explosion. For details, the reader areas which shruld not be entered until later.
is referred to the chapter on meteorology. A can- Thereafter, or e, en before this if every r.,an has
yon 20 miles from the site of the Alamogordo test been issued a fountain pen size electroscope, all
was contaminated to a radiation level of 40 roentgens services can proceed with their duties insofar as
per hour at the end of the first hour, and rain combat conditions will permit. However, it will be
squalls brought down suffclent radioactivity, from necessary to establish systematic procedures for fre-
the Sandstone test to bring the radiation level to quent replacements of their personnel, the safe time
90 roentgens pee hour on islands hundreds of miles for continuous occupation of a given place by each
from Eniwetok. Such airborne contamination will man depending upon the intensity of radiation
be at worst an inc,.nmenience: it will never tic onough there. Replacement schedules should be based upon
to deny pa-sage tl-rc-u.h :r, a area, or to suggest the findings of quantitative measuring Instruments.
suspension uf operations in the area for more than
a few days. CONTAMINATION OF WATER

AND FOOD SUPPLIES
SURFACE CONTAMINATION "Although the calculation is difficult and uncer-

FPC?'. AN AIR BURST tain, it appears probable that even a direct hit by

"Local surface contarmination by fission products one atomic bomb on the reservoir aupplyin! a large

from air bursts at altitudcs exceeding 500 feet is ex- city will not render the water "ir fit to drink for

pected to be negligible compared with the radio- more than one day. Dilution ajid absorption on

activity induced In surface materials by neutrons the mud and filters combine to reduce dissolved

ejuaping from the bomb. At Bikini, thxe induced radioactivity below harmful levels. If the explosion

aectivity from the air burst at an altitude of 600 is on the watershed rather than in the reservoir it

feet was approximately 20 roentgens per b,•ur a may be. colntdc" d AertAiii thm'. 1:#, water will be

the end of the first hour. This activity was largely .40f,
due to sodium in the water and would have been Military units relying upon standard water
much less if tae exploslon had ocenrred over aver-
age soil. At. Nagasaki where the altitude was 1,800 treating equipment should have no serious

feet It was con ,rp•::ly negligible within a minute problarm from radioactivity In drtnkhlg water.

lie
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T.,L1tLI XXIII Rafety of drinking water. Such facilities be-
RAD!ATION LEVEL, ON TIlE 1-ROUND AT ALA- ing available. however, it appears that the
MO,,:,tH)O ONE 110U1t AFTI.E TilE XI'I.OSION drinking water supply should not be a serious

D'ISTANCE ,-O, Z,,o-V,,T YD IUA,,IAT',N, RONT- military problem, Insofar as radioactive con-
................. •N.'_"R-H tamination Is concerned.

0 ...... . .......... . ... 8,000 BIBLIOGRAPHY
100 ........... ................ .. 5,000
20W ..... .. ...... 1... .... o I. First US Army, Repurt of Operations, 20
300 ........ ......... ......... 150 Oct 43 to I Aug 44.
400 t.................. . . .... ... 30
500 ........................... 1o 2. VII Corps Operations Report, July 1944,
750 ...... .................... 5 AGO File L-101.
1,000 ..................... 0. 3 3. VII Corps in Operation Cobra by Maj Ken-
1,250........................... ., 07 neth W. Hechler, USA Historical Div.

During the first few days, "water showing (An unpublished report In completed

.002 roentgen per hour or less, as measured draft form when borro%,*ed from Hugh

with an ionization chamber over a large body N. Cole, November 1949.)

of water, can be drunk without hesitation," 4. Report on Study of Field Artillery Opera-
and the writer (Gilflllan) "would drink water tions by Gen B'd. USFET, Study No. 61,
showing .02 roentgen per hour rather than 21 March 47, AGO File 370/4. Chap 2
suffer from thirst." "Artillery in the Penetration of an Or-

However, a hazard develops from the grad- ganized Position," Chap 10 "General"-
ual accumulation of radio-active iodine from A Study of Artillery in Operation Cobra.

decay of tellurium 131, one of the original fis- 5. The Relative Effectiveness of Naval Pro-
sion products. By the twelfth day dangerous jectiles for Neutralization, Oper. Res.
quantities may have been created and the e.- Center Study No. 32, 17 Aug 45. CON-
ternal radiation from the water will have de- FIDENTIAL.
creased so much that the ionization chamber 6. Effects of Neutralizing Fire Against Enemy
test will no longer guarantee potability of the Troops in Open Positions, OEG Study
water, since it does not disclose the presence N(,. 385.
of radioactive iodine. This iodine itself will 7. AFAPA-3c/CRG/HAG ATS report on
have decayed by 30 days to such an extent as comparative costs of bombing opera-
to be no longer the principal menace, and the tions. Prepared by Brig Gen R. C. WUI-
controlling factor will have to become the son and issued by Program Standards
radiostrontium in the water, and Cost Control Comptroller, USAF,

It seems evident that milita"ý imits operat- 29 April 49, C9-6767, AF.
ing .n areas subject to hazard from under- 8. Effects of Bombardment--Present State
water or underground atomic bursts will have of Knowledge, MORU No. 3 (Military
to be equipped with scientific apparatus and Opcrational Research Unit) Brit. War
suitably trained personnel to guarantee the Ministry.
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ATOiMHC WEAPONS EFFECT ANALYSIS

ON THE GERMAN ARMY AT THE VOLKHOV FRONT

THE RUSSIAN OFFENSIVE ON THE VOLKHOV FRONT

12 JANUARY-31 MARCH 1943

OBJECTIVE gence. (See Map 23 for complete list with

The objective was to raise the siege of Len- unit designations.)
ingrad by clearing the German forces from However, it must be assumed that these.
their heavily fortified salient south of Lake Soviet units entered battle far below author-
Ladoga between the Neva and the Volkhov ized stiength. The Germ-n XXVIth Corps'
Rivers (see Map 22) and by gaining control reports reveal that the Soviets employed 130,-
of the Leningrad-Mga-Markowo-Volkhov Stroy 000 men between 12 January and 12 Febru-
railroad and highway, the main communica- ary. If this number is divided by the number
tion lines between Leningrad and unoccupied of divisions (24), for purposes of Illustration,
Soviet territory (see Map 23). each division would have had a strength of

PLAN 5,416 or slightly more than half of authorized

Two Soviet armies, the 8th and the 2nd strength of 9,354. if the 24 divisions alone
Shok, Soveto arties, frm 8the a the Font had been at authorized strength, the totalShock, were to attack from the Volkhov Front number of men in line and in reserve would

on the east while a third, the 67th Army, was haebe en at leas 249 Thesere d

to ettack across the Neva River from the Len- have been at least 224,496. These figures do

ingrad front on the west (Table XXIV). not take into account the additional infantry

The listing in Table XXIV of the Soviet units and the armored units which took part
units may be considered accurate since it is in the attack. Furthermore, it is known that
based on battle experience (German after-ac- the Soviets had sustained heavy losses in this
tion reports) rather than on pre-battle intelli- sector during the winter campaign of 1941-

TABtE XXIV
SOVIET STRENGTH 12 JANUARY 1943 (SEE MAPS 22 AND 23)

VOLKFOV FRONT
8th and 2nd Shick Armies Artillery

In Line 1' Resere
9 divisions 9 divisions 36 light batteries
2 brigades 3 ski origades 12 medium batteries
3 mortar rogt.s 3 armored brigades 20 heavy batteries or a total of 98
3 howit er regts I armored battal;i' batteries
5 tank-destroyer regts
2 armored brigades
2 armored regts
8 armorr.d battalhons

NrvA FHoNT
67th Arm,, 47t1-Lfrv,

4 divisions (inf) 1 division 16 light battar,;,.
I garde division 4 inf brigades 28 medium batteries
2 armored brigades I Navy infantry brigade 5 heavy batteries or a total of 49

1 ski brigade batteries
2 battalions
I armored brigade
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I ired Analysis of Military Assistance Program
made Miiar

1942 when they made a pre IVThe Soviets made further advances on 13 Jan-
rejieve Leningrad from the Volkhov Front. bary. On the 15th the 2 Soviet forces advanc-
At that time the original 2nd Shock Army, Ing from the eastern and western fronts made
bearing the brunt of the attack, had been contact with each other, dividing the German
virtually liquidated by the Gernians and was forces (Map 23). The 'ermans made re-
reconstituted as an army only after the Janu- peated counterattacks and succeeded in evac-
ary 1943 offensive began. uating part of their isolated units and in re-

The artillery figures in, Table XXIV were gaining ground ir. tne 'Jorori.k area (see

extracted from the German Artillery Officer's Maps 23 and 24).

Report prepared on 11 January 1943 and based In four days the Soviets accomplished their

on intelligence available through 8 January. first objective, the junction of the Neva and

It is possible that the Soviets brought up ad- Volkhov front Armies, and the establish-

ditional artillery in the three and a half days ment of a corridor south of Lake Ladoga.

before the attack began. Soviet sources indi- However, this corridor was only 8 to 10 kilo-

cate that the Soviets made long, careful prep- meters deep and was within range of German

aration for artillery employment in this at- artillery fire.

tack and sought to confuse and deceive the SECOND PHASE, 16 JANUARY-1 APRIL
Germans as to their artillery strength and the
location of their guns. This is borne out by Between 16 and 22 January the Soviets re-

German intelligence, organized their forces for an assault on thc
new German line. Their immediate objec-

The German report mentioned previously tires were the German strong point of Du-
does not give the number of gurns and men browka and the secondary highway and rail
per battery nor the exact location of the bat- line between Kelkotowo and GantowaJa Lipka
teries. The Soviet report indicates that artil- l bee ek w a nw L
lery was used in direct support of the infantry Despite repeated attempts between 22 Janu-

throughout the operation, being reorganized ary and I April, the Soviets failed to make any
each night in preparation for the next day's headway; the spring thaw forced suspension
aetivitleq, of the operatio i in April. Later in the year

The terrain was fiat, swampy, frozen, anld the Germans were forced to withdraw from
partly forested. The area south of Lake La- this area, their position becoming untenable
doga was (except for the wooded and swampy as a result of Soviet victories south of Lake
shore line) frozen peat bog with several labor flmen.
camps and a network of small rail lines for The Soviets reported the forcing of a corri-
transporting the peat. Further south was dor to Leningrad as a great victory. Actually
frozen swamp and forest, all very I,.' land. their achievements fell far short of their real
The Lake xas frozen solid. Thaws in April objectives and cost an appalling number o!
forced a halt in the Soviet offensive, casualties (see Maps 23 and 25). The Soviets

lost 90,000 men in the first month of the of-
OPERATIONS fensive, and by the end of March they had

FIRST PHASE, 12-16 JANUARY lost miore men than they had employed for the

On the morning of 12 January 1943 the beginning of the offensive. The Germtns

Soviets attacked on a 15 kilometer front in the called this engagement the bwsttle that drained

east and a 71/2 kilometer front in the west. the Soviet infantry.

The attack began with 3 hours os heavy at.
tillery fire followed by dive-bomber attacks
which completed 1 -e demoralization of the Sor 4 'i

German defenders. After this preparation, Artillery War Experkrnce in v, orld War 1I; Ar..
tanks and infantry advanced. By the end of tillery on. the Volkhov Front in the Break-
the first day tb-? 9oviets had breached the Get- through of the Leningrad Blockade. Tramn,-

man defenses on both fronts (see Map 23). lated 'n the Service Branch, ID, by ECBP, 4
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TABLE XXV

GI.!.MA. A rOPCEr3 AND ARTILLERY DEFENDING THE VOLKHOV FRIONT, 11 JANUARY .943

(SEE MAP 22) XXVI ARMY CORPS OF EIGIITEENTII ARMY

CuU PONM-N.T k ATIILFRY (B•Aq['. ERI Is,)

D~vki¢.n I Battalions tRep•m•nt, Strmkloh I -Tote, Light I Medium Heavy

223rd 2nfi 344th 319 9 7 17

3rd 344,th 439
2nid 385th 3h1
3rd 3%5th 381
2nkd 125th 276

3rd 425th W)2
let 322nd 2 12815
2nd 322nd 201
'Ird 322nd 250

Plus Mobil: Unit 223 315 3,222

170th 181 391st 307 12 13 5
2nd 391st 302
3rd 39 Ist 31,q)
1 ,t 299th W4
2nd 399th 248
3rd 399th D59
let 401st "p31

S 401st 308
3rd 401st 297

Plug 7`ovelp Unit 240 310 , 900

I., Inf, IRE let 448 L2 19
2n1d ist ") I
Ist 22nd 550
2rid 22nd 495

W .3rd 366
?nd 13rd 509

Pit.' Biycb, Uni NC. I 324
'ai Light Armored V:.,i 1 326 3,669

227th i. 329th 246 12 6 20

2nd 328th 253

2w! 366th 218
3rd 3th 214
1 tt 412th 261
2;o1 412th 305
"i t i, 4th 293

2nl 374th 209
?-d 374th 270

Phis 3KObile Un.Ot 227 142 2,711

9bt ... 2vd 293rd 160 9 6

3rd 2,3rd 455
2nd 234tn 390

3rd 264tb 395
Ipt 287ti. 403
2nd 287th 490

P;tu Mobile 'nit !r% 316 2, V9J!

Total 15, 56A 4 4 69

Source' Weekv ltewportF. A) •endix--Vol ?, to KTB Nc. 9 of tn. XX"! A horo I ?a' . v.c 30 Jr.,- ln4L Fnder
3-t,55/ 13 IGM'DS).

-2 The 3 bn of ihe 322nd Itegi vter- borroved from 'he 2S~th Scenriy Divigion.
3 The :3 bit of the 3' Ch R-qt vere k,,),rv,•et from the 2.07th Seinrty Division.

4 1. 125
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S • =.,• Analy.,is of Military Assistance Program

TAD!'. XXVI Map 22 in this study of the USSIR offensive
ESTIM1ATE OF NUNMB R OF ",ERMIAN PERSON- against the Germans, January 1943, shows the
- NJ- _EFENING VOLKHOV FRONT - German position in such detail that it d3-
Number m ors,.nmc battahons 12, 531 serves analysis. It is true that the Soviet con-
Number of battalions ,nvolved 39 centrations in this encounter wlth the Ger-

Average number of m,'n per battalion 3222
Tio etrngth c, battaliohi (before 1944) 750 mans were much greater than those of the lat-

Factor of attriton-322/750 .43 ter. By making the present analysis it is not

T/O strength per division 17, 200 meanst to suggest that atoni-' bombs could
T/O strength of attrition factor 7, 400 have been more profitably used against the
5 Divisions 37, 000 Germans, merely that the detail about tne
Attached personnel 3, 000-5, 000 German situation warrants a separate inspec-
E'tirnated strength 40,000-42,000____________________ tion.

Feb 09. E-9500, Russian, File No. 539177. It was decided to make a study first Gf an at.

Restricted. omic bomb strike near the front line and com-

This is the report upon which certain ex- pare this with a strike farther back. The first

amples in the Fort Monroe report are based. strike would fall as close to the front line a:

The translation is garbled and unreliable, ac- the safety of friendly tr-ops (USSR) would

cording to ID. It is evident, however, that allow considering the present large errors re-

the author of this article is interested pri- silting from high level visual or radar bomb-

marily in the technical aspects of artillery em- ing. It wms arbitraitily decided tlt.at one may

ployment. Very little information is gi;'en on allow gamma-ray doses to friendly troops of 25

the operations of the infantry and armored roentgens or 1 calorie per sq cm of heat radia.

units. tinn (4n accordance with Lexington Project

Conversation with Col Louis Ely, one of the analysis of maximum military permissible

authors of the Fort Monroe report, revealed dose to crews of nuclear powered aircraft).
that he supplemented the information in this Thus, on the assumption that friendly troopsthaot whe supple neduct eions ormatron hisn th are in fox holes and duck down at least within

reiort with deductions drawn from his own 0.5 seconds, the closest one may ailow an air

military experience, burst 20 KT atomic bomb to detonate near
German friendly troops is 2,000 yards when the men

Activity Report of the XXVIth Corps, Ic (In- are wearing ordinary uniforms or 1,650 yards
telligence), 1 Jan 43 to 30 June 43, folder vwhen special unifurms designed to protect
34955/15 (German Military Documents Sec- against heat radiation are being worn.
tion) Confidential. It follows that if the clearance between the
Appendix No 3 to Activity Report of the aiming point and the friendly front line is
XXVIth Corps, Ic, folder 34955/18 (GMDY 2,0000 yards plus 2 circular probable error
Confidential. lengths, then the probability is 6.3 percent
Maps of the 18th Army, folder 36061/200 that some friendly personnel will stand a
(GMDS) Confidential. chance of receiving more than the maximum
Appendix No 1 to Br. B. No. 130/43 of 11 Jan permissible dose.
43; map p,:epared by Senioi Artillery Officer A reasonable clearance of 1,700 yards be-
303, 18th Army, folder 30531/200 (GMDS) hir.d the enemy front line was chosen for a
Confidential. weapon very accurately placed anti •,.. 30 yards
Weekly Reports, Appendix, Vol. X, to KTB No. for an inaccurate weapon, since high alti-
9, _XXVIh Corps, 1 Jan 43 to 30 June 43, fc!der tuie radar bombing accuracy is apparently
34955/13 (GMDS) Confidential. considered 1,00u yards circular probable
Appendix, Vol. VII to K"B No. 9, XX= Ith error
Corps, 11 Jan 43 to 14 June 4?, folder 34955/10 A co'aiparison of the damge resii .nag from
(GMDS) Confider-ial. tL-,se two different aicps reveals that the near
Marc 1, XXVI Corps, 11 Jan 43 kGMDS) Con- drop affected front-line troops primrarily and
fidential. had but a ,"inor effect on battalion and regi-
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mental headquarters and light artillery bat- damage curves in Figures 25 and 27. The re-
terios. The far drop, on the other hand, had sults of the analysis are summari.ea in Table
Sminor effect on front line troops and a XXVII, for troops in the present ordinary uni-
major effect on artillery, regimental head- form and for -troops in a uniform especially
quarters, and a few higher headquarters. designed to reflect a large p(,rtion of the heat
This difference suggested a separate analysis from the burst. This latter uniform gets so
of the efficacy of a series of atomic-weapon hot that it must be discarded immediately
drops against front Iine troops versus the same after the burst has suosided; but a man so
number of bombs dropped against artillery. clothed is still vulnerable to gamma radiation.

The total number of Germans in the corri- One main point brought out by this table is
dor is not definitely known. In the historical the great difference in vulnerability of artil-
study previously presented in this Enclosure, lery troops in the open and front line troops
data are presented showing that the battalion in fox holes. Although the density of troops
strength of the Germans had been reduced to is greatest near the front line, the far drop
43 percent of T/O. The 1 January 1943 Ger- will be found to cover approximately the qame
man monthly reports of losses indicate that number of personnel as the near drop. This
the division artillery was up to about 92 per- apparent anomaly is• due to the fact that a
cent of T/E strength in weapons (guns, how- considerable area of the near hit is over
itzers, et cetera) and presumably near this friendly troops. In terms of total casualties
figure in personnel. It was, therefore, decided the far hit seems more effective but the effi-
arbitrarily to assume that all artillery units cacy of the near hit is increased as it ap-
were up to 100 percent strength and all other proaches closer to the front. To place it in
units were only 43 percent of T/O strength. opti!_'_m position requires a clearance be-
Since a full division in 1943 had a T/O of tween the lines of ai ivA~t 1,30 yards (1,000
17,200 persons of which 2,500 were an artil- yards plus 2 circular probable error of place-
lery regiment, the previous assumptions would ment) -
give 8,000 men as the average strength per The apparent great advantage of wearing
division. The 5 divisions of Germans in the special uniforms is somewhat illusory since
Volkhov corridor would contain 40,000 men in it is necessary to ihed the uniform immedi-
addition to some 3,000-5,000 men in miscel- ately after the atomic weapon attack Is over.
laneous attached units. Troops are forced to get rid of their special

uniforms while Iri a highly "vulnerable posi-
NEAR-DROP VERSUS FAR-DROP tion for attack by a second atomic weapon.

To proceed with the analysis, it is necessary Thus if 2 atomic bombs are dropped in suc-
to make the following simplifying assump- cession against troops equipped with special
tions concerning the degree of ro-tsciwn uniforms, the second bomb would catch the
given to the c-mbat personnel: troops in the op-n and unprotected. The

All front line troops are dispersed and the very best, then. that the special uniform can
men are in fox holes (see Figure 25). do is to require 2 atj~.ic bombs to do the job

Heafl',.rters personnel are 50 percent in that 1 atomic bomb would do against troops
the o te r0 persontnel oin ordinary uniform.eopen and 50 percent in lox holes or in Another significant result is the high cas-
equivalent shelters. ualty rate against artillery peror .nel by the

Personnel at the batteries of all artillery far hits, and the poor effect u2 far hits against
units are in the open. front line troops.

Two positions, one for a near hit and one The far hit is more typical of our present
for a far hit, were selected which appeared capabilitie." since L!'e US ,oe., not possess a
to yield the greatest ca& ialties. The near hit wearci., syst m capabie cf the Pemuracy re.
was put 1,700 yards from the friendly front quired for tWe close attack. This analysis is
line (see Map 26). The radial distance from some indication of the necessity for the greater
ground zero of epch unit was measured ant accuracy which could be achieved by a guided
the number of casualties estimated from the missile.
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TABLE XXVIi
ESTIMA'ho CASUALTIES IN VARIOUS CATEGORIE; !-OR NEAR HlIT AND FOR FAR HIT--THE RANGE

OF VALUES INDICATED IS THAT RESULTING FROM UNCERTAINTY AS TO
NUMBER OF TROOPS IN VOLKHOV CORRIDOR

PERCENT OF PERCENT (it PERCENT OF

TROOPS DE-' T'!00" ARTILLERY PERCENT OF 'OTAL TOTAL PERSONS IN
PLOVED (IN ](. •IN OPEN) TROOPS PERSONS IN CiRaLE OP CIRCLE OP 5,000 TD

Fox HOLES) IN OIVEN (IN OPEN) 5,000 TO r DIUS IN 11A; "IS IN OIVEN

I VEN CATORY IN GIVEN GIVEN CATEGORY CATEGORY

CATEGORY C CATEGORY

Near Hit 1,700 Yards From Front Line
OUt Sul CU SIT oil SU OU SU OU SU

Immediate Casualties. 8 9 31.8 45. 2 24 -30 1, 210-2, 520
5.9 0 0 1 8-3.0 15+

Immediate Deaths. . 4.0 IS 8 11 0 8 8-10 8 445- 900
1 4 0 0 08-0.5 38

Delayed Deaths ... 2.0 0 0 1.0- 0 6 52
4.5 4.8 0.5 3 ,-2 9 170-240

Total Personnel 2, 617 932-2,171 1, 508-3, 514 5, 057-8, 302
Far Hit 5,000 Yards Front Front Line

Immediate Casualties 0 37. 6 79. 1 37 -50 1,825-4, 250
0 0 7 15.6 6 -8 300-700

Immediate Deaths 0 18. 3 55. 4 25 -;33 1,200-2, 8000 0 6. 5 2. 5-3 3 120--200

Delayed Deaths 0 0 0 0 0
0 1.0 12 2 5 -6.5 240-550

Total Personnel 2, 081 910-2, 120 1,877-4, 374 4, 868-8, 575

OU equal Ordinary uniform.
SU equal Special uniform designed to reduce injury from heat of atomic weapon.

ATOMIC WEAPON OPERATION cular probable error. This may require a
AGAINST FRONT LINE TROOPS withdrawal of the fri,:ndly troops just prior tv

In designing an optimum attack against the attack.
front line troops, such as would occur in prep- 4. Since battalion and regimental head-
aration for a breakthrough, i portion of the quarters in th. German Army are from 1,000
German front was selected in which the divi- to 3,000 yards behind their front lines, they
sion frontage is about 7,000 yards (see Map are highly vulnerable to atomic weapon at-
27). Several qualitative observations can L, tack. This is e. peciaily true of their com-
made. mur.ication lines which are in the open.

1. With present bombing errors estimated 5. The effectiveness of bomb bursts adjacent
at 500 yards circular probable error for visual to each other is augmitned in that some dam-
bombing and 1,000 yards circular probable age is additive (e.g., gamma radiation) and
error for radar bombing, the required clear- the probabiticy of no-damage is multiplicative.
ance of friendly front line troops fcr radar The resulting damage area, therefore, is
bombing is about 2,000 yards plus 2 circular greater than if the 2 bursts were n-,sa-ed sepa-
probable error, or about 4,000 yards. This rately. The drawing of the 100 percent and
distance is too great to secure optimum effect. Just 0 percent casualty contours in Map 27 is

2. Ue atomic weapons should burst about a crude attempt to estimate this effect. Since
1,000 yards behind the enemy front line for tbh- original curves -vo poory d-termined, an
maximum effect against ,'ront line troops in accnr,'-.. caculation ol . overlapihng effect
fox holes. is not now warranted. A spaccing of 2,500

3. To comply with safety rt•ulrements for yards seems to be near optimum for this addi..
friendly troops, thern: :hould oe a separation tive effect. Note that this spacing refers to an
between front line- of 1,000 yards plus 2 cir- attack against troops in a defensive position.
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Appendix 8 BW 1M M `-

6. From a pattern suc h as drawn li Map 27, TtSLV XXVIH
one would expect 100 percent casualties out to IMMEDIATE CASUALTIES FROm THM, 00 BOMBS
2,000 yards behind enemy f*,ont lies. DROPPED ON IST DIVISION (ORDINRY

7 If troops are due in, the regimental re-
serves wi.leb are 1.t comnitled to a positjonf NO. MU- T V 'TOTAL NUNS-

I" PE . - B3iNclose behind front line troops are usually not IAL•ER C-.,- i c S• IN
immediate casualtles. Note that the fox hole - V-L---S- pA-f-r- -

herein considered is the smallest that a man Deployed troops 2,352 ot 2, 417
can g into. Artlltery perlonnel 1, 05 70 1, 564

Headquarters perran-
8. Three bombs per division front of 7,500 253 .W

yards are required completely to neutralize 1TO 3 Foo 4,175
front line troops (i.e. one bomb per regiment .....

It frontage is 2,500 yards per regiment).
9. If the division frontage is decreased, the ualtles if they wore ordinary uniforms and

number of bombs per division will tend to re- were in the open (sce Table XX3vIII)
main constant, since the division will increase It should be noted t?,at these calculations
in depth. The experience at St. Lo is an ex- apply to troops on the delensve. Much higher
ample of this. Here the frontage was l,,000 casualties should result when the atomic
yards for 5 US divisions and these extended In weapon is used against troops on the offen-
depth to more than 9,000 yards. The area per give The atomic weapon 3pacing required
division was 1.6 x 101 yards2. The area of the would be more in '.he order of 1 weapon per
German Ist Division (front line troops, not ar- division front of 7,500 yards.
tillery) was 7,000 yards wide by 2,000 yards ANTI-ARTILLERY OPERATION
deep, or 1.4 x 107 yards2. The assessment of the eftectIveness of an

10. A bonus effect is obtained by the neu- The atom en pon againsteatiller o s
tralization of a large fraction of the light air burst atomic weapon against artillery
artillery (about 80 percent) as well as damage comp'".ated by the degree of uncertainty as
Co regimental and battalion headquarters. to the disposition and protection of personnel
Very little medium and heavy artillery is at any one instant.
aftected. Gun emplacements with a 3 Yz ft parapet

as depicted in FM 6-101 p. 251 afford very lit-
11. Reserves which are dug in or otherwise tie protection to personnel in the act of

protected and farther than 2,000 yards from manning the gun. The parapet Is not high
the center of the line of bomb hits will not angh t1^ A0"• eF, '.'i1 .

"aUprotection except for atomic weapon L-ursts at
12 If communications depend on field wire appzoximnately 5,000 yards. The special

laid along the surface of the ground or sus- trenches dug for personnel proection in case
pended in trees, it will be entirely disruptedk of strafing are too far from the operating

13. When t-k division iiulds a irontage o0 positions to allow the peidonnel to duck into
more than 7,000 yards, bombs per frontage them in time to reduce the heat dosage ap-
tend to remain constant. Beyond 7,000 yars, preciably Men in the ammnuation handling
tVerefore, the bombs per division increaSe di- pit would be protected from atomic weapon
rectly with Increase in division's frontage. bursts In one dirertli'.n up to about 1,000 yards.

14. 1. i "curacy required In the p'..acement One may conclude that persoaruel manning a
of bombs for near optimurm effect is: circular gun, in on emplacement of World War 11 vax.-
probable error of 250 yards or better. ety are essentially in the open as reyards tht'L

More detailed analysis on the basis of the vulnerability to harm by an air burst atomic
same assumtions as to number of troops in weapon.
tlat holes, in the open, et cetera, used pre- Perconel off-duty w'ould be resting In an
vlolsly, re,-eals that 89 percent of personnel exposed position If danger from straf nn a.r-
covered by the 25 percent contour for Inum- craft we unlikely And the a-, -:c reapoiz
diate cast,.ltles would become Immediate cas- unknown. tC u me other hand, a smia: amount
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of strafing, or Lhe threat of use or past use of diate casualty zone would be the same as for
an atomic weapon shou.d certainly serve as fox holes (about 700 yards) while the zero
sufficient motivation for off-duty personnel to effect zone would be out to more than 4,000
aeek shelter of some kind--shelter which yards. This large range of values .sults
would protect then, hom the heat effects of from the peculiar U-shaped entrencnments
the atomic explosion, and from the assumption that the fortifica-

In a static position, one must obviously tion would present a random orientatior to
await a time when the enemy artillery is ac- the atomic weapon burst.
tive, otherwise a large fraction of the person- The disruption of wired conunications is
nel would be in protective positions. On the a.n important effect. On the assumption that
other hand, if an attack is imminent (say an at least 100 calories per sq cm would be neces-

attack by Soviet troops) large quantities of sary to bum the field wire sulI.ciently to make

artillery may be in process of placement dur- it useless, the circle o- effectiveness against
ing the night. Since most of the personnel such wire would have a radius of about 700

are in active exposed positions during an em- yards. The additional disruption of radio
placement, if the enemy can be caught with communications is also uncertain. Since the

a large fraction of his artillery in motion, radio sets can withstand fairly severe shocks,

large casualties to his artillery would rerult the radius of effectiveness against units in
(50 percent out to approximately 3,800 yards dug-outs unco-ered must not be greater than

from the burst, i.e., the exposed artillery be- the radius for 100 percent dai--ge to person-
hind a frontage of about 7,000 yards would nel. Radio equipment mounted a few feet

have 50 percent or more of its personnel im- above the surface of the ground might suffer
mediate casualties, and 100 percent casualties considerable damage out to about 2,000 yards

behind a frontage of 5,500 yards). To catch from the wind produced by the explosion.
an enemy so exposed requires almost perfect Wire repairmen will generally be in the
knowledge of his movements. field half the time, and in open vulnerable po-

sitions. These men are highly important to
As a more realistic picture, suppose the the communications system sirce they require

enemy artillery is not attacked until its activ- considerable training and experlence. Their
ity rises to a high level leading one to suppose loss would have a delaying ffect on the effl-
an attack is in preparation. An atomic ciency of the artillery operation. It seems
weapon over the artillery would then neutral- reasonable to conclude, therefore, that the
ise immediately a wide circle of artillery. As- immediate effectiveness of an atomic weapon
suming that one-half of the personnel are against communications within the artillery
P .azant at '.a o, giars,, and t vat Gne-'ý 1 w is likely to be confined to a circle within 1,000these--or one-sixth of the total---can man the yards.

guns effctively., then the radius of imnediate Thuz, for artillery strung out behind a
incapacitation of artillery would bc 3,3001 frontage of 7,000 yards, the immediate effect
yards. Those inits between ground znrý aria of an atomic explosion over the artilleil? ame
about 1,000 y,.ds would be completely neu- would be to silence all batteries behind this
tralized, since the resting men would become frontage. In a short time thr hies ies aloug

casualties although protected by fox holes, et 5,000 yards of this frontage should re-ume
cetera. Those units between 1,000 yards ra- operations, some with reduced effectiveness.
dius ar.0 -300 yards radius would have a re- Large-scale silencing of the artillery would
serve of resting men who could be mustered result if now, after the resumption of artillery
and put to work manning '.e guns in a short opeaU:,s following the use of an atcinr
time. weapon, a second weapon is 4mpioycd %thc lul

Battalion Headquarters troops are assumed porcem,. zones should not overlap) oaer nearly
to be dug in, in emplacements sirnllar to thom'. the sasne area. This second wearon should
pic'ured in FM 6-101, pp. 240 and 241. These catch the artillery with its remnin •ng personr-
emplacements afford imperfect protection. nel operating the batteries, ^ea drecLivia P^"
One may estimate that the 100 percent imme- ters, et cetera n. ,nout -men res;•r g -,,I. reserve
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These considerations lead one to estimate total numer
that at least 2 bombs per 7,000-yard frontage types of guns operating in the Volkhov corri-
of artillery aie required for highly effective dor. Shown for fbur separate bomb strike
attack against artillery; provided that these positions are the number of batteries neu-
weapons are not employod simultaneously, but tralized temporarily (resting men assumed to
one-half for the first attack when the artillery be protected) and the number neutralized per-
is active; one-half for the seconrj attack when manently, i.e., the number it. which the rest-
the artillery resumes activity. ing men (assumed to be near the batteries)

Since it seems likely that the decision for would also be expected to be immediate casu-
the use of atomic weapons must rest at a high alties even though protected by fox holes, et
echelon of command, the organization for the cetera.
gathering of information, transmission, de- One may assume that a total of 8 to 12
cislon, dispatch of atomic weapon, et cetera, bombs would be required pernanently to neu-
must be highly streamlined to allow effective tralize all the batteries listed as "temporarily"
use against fleeting targets. To some extent plus "permanently" neutralized.
the artillery may be considered a fleeting tar- The data is further condensed in Table XX
get since It presents high vulnerability only which gives the totai number of batteries of
when emplacing or firing. light, medium, and heavy artillery in the cot-

Revised tactics of firing and protecting per- igdor, together with the fraction of these per-
sonnel would increase the requirements of or gether wt the fration of the r
atomic weapons previously stated. For in- manently disabled by the first bomb olr that
stance, the enemy could keep more artillery area, and those temporarily plus permanently
personnel in reserve, never allowing more than
one-third in vulnerable positions. Such tac- These figures will not fit in the previous

tics would increase the atomic weapon require- estimates of bombs per frontage since the

ment to one per 2,500 yards of frontage, i.e., front is U-shaped and the German artillery is

to a requirement equal to that for front line placed in 2 main clusters and 2 minor ones.
troops. This latter figure is very close to an In summary it is noted that the vulnera-
upper limit since the 100 percent immediate buity of the artillerr is at best about equal *o
casualty zones of the weapons overlap, that of front line troops on the defensive,

Dispersion of batteries in depth of greater except for unusual situations of front curva-
than 5,000 yards would be required to change ture, movement, et cetera. "About equal"
this requirement of weapons noticeably. This here means within a factor or 1.5. The Ger-
is impracticable due to present-day ranges of man artillery in the Vol _orv .... 4..... ipoasi-
artillery. bly easier to neutralize than that supporting

The German artillery situation on the Volk- an equivalent frontage in a straighter line,
hev front was studied with these qual"caiorns since the artillery has been forced to concen-
in mind (see lv..,p 28). Table XXIX lists the trate due to the geometry of the front.
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TABLE

BEý.ATTERIES OF VARIOUS TYPES IN VOLKI{OV CORRIDOR

HIT NO. IHIT Nc. 2
NO.O00

Temporarily Pemorionnly-us Temporarily Peiparwsneni48
KINDRRDO Ot IA R PermporentlyPu- Temprnarinly-l-CONRDOB Neutralized NNeutralirnci

2flmmAA guns 11 2 2
7bmm assault guns . 2 0 1
8'mm AA gung 4
Mountai;, guns 36. 2
105mw, how 18 .... 41 0 10 5 14
15Qmmh v fld how .. 10 0 4
150mm.hv fldhow l8. 8 0 4 0 1
210mmhy hiang how 7 1 2 0 1
2lumm hvhi ang how 18 11 1 5 14
305mm. hv hi sag how 18 2 11
305mtuhvfldhowl8. 1 0 1
Smoke projectors. 3
Coastal1 guns.. 3 0 1
105mm. Igt fid how 1
Btry med guns (105?). 1 0 1
240mm. Theodor guns 3 0 2
170mm, guns on how mtg 2

TABLEz XXX
FRACTION OF GERMAN FIELD ARTILLERY BATTERIES IN VOLKHOV CORRIDOR NEUTRALIZED

PERMANENTLY AND PERMANENTLY-PLUS-TEMPORARILY PER BOMB HIT NO. 1

LIGHT MEDIUM HEAVY AVUHAGX
46 28 27 __________

NO). OF Perma- Tempo- Pem- T po Perma- Tempo- Perm&- ITempo-
BATTERIES nently rarily- I=enty raril~y0- nently rariliy- nently I arily-

Neutral- plus- per- Neutral- plus-Per- Neutral- plus-Per- Neutral- plus-Per-
ired W~anently ized manently ized manently ixed manently

1sft Bomb posi-
tion .. . 0 .24 0 .14 .07 .37 .028 .25

2nd Bomab posi-
tion . . .10 .30 0 .21 .07 .26 .057 .26

3rd Bombl: poal-
tull fl. .17 0 .11 .07 .19 .023 .16

Ith Bomb posi-
tion ... .02 .09 0 .14 0 .04 .008 .09

Total
of Four Bomb
Pouitions. . .12 .80 G .ilt .21 .81 .11 .76
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XXIX
AND NUMBEL NEUTRALIZED BY SELECTED BOMB HITS

NUMBER OF BATTERI~ts NUFFERINo 25 PERCENT OR TOTAL BATTERIES TOTAL BATTZRIES
MORE IMMRDIATE CASUALTI!F5 NEUTRALIZED REMAINING ACTIVE

Hit No 3 Hit No. 4 Temporarily- I Temporarily-
Tempr.rily- Temporarily- Tem Pempo aly Plus-

Temporarily Plus- Temporarily Plus- Neutralized Permanently Neutrtpuied Permanently
Neutral.zed Permanently Neutralized Permanently Neutralized Neutraized

Neutralized j Neutralized j
0 2 01 2 5 9 6

0 1 2 10 1 0 1 0 2 4 2
0 1 1 1 1 2 1 0
0 7 0 3 5 34 36 7
o 2 0 3 0 3 10 1
0 1 0 1 0 7 5 1
0 2 0 1 1 t 5 1
0 1 2 10 9 1
1 1 2 2 0 0

1 1 0
0 3 3
1 a 2
0 1 1
1 1 0
2 3 1

0 i 1 2 1

13:
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Appendix B 4ilfi

PROBABLE EFFECT OF ATOMIHC WEAPONS ON US FIRST ARMY

IN WORLD WAR 11

INTRODUCTION Regimental area and 3 within the 271st. The

This report will convider the piobable effect heavy howitzer battery is probably further
ofThlis re to•wi bombsder the plosable effect than 6 miles from the front line.of a " •ur~t •iowi~c bombs on the op'~rations

cf the US First Army in Europe In World War EFFECT OF ATOMIC BOMBING ON FIRST
11. The operations from the beachhead to ARMY
contact witn the Soviets will first be outlined
and finally some specific actions will be an- Using Map 30 showing the position of the
"-ilyzed. It is emphasized that while it is pos- 273rd Regt, the effect of bursting a 20 KT
sible with suitable assumptions Wo approxi- atomic bomb at each of the aiming positions
mate the eftcet of the bomb on combat per- numbered in shaded areas on the map is con-
sonnel, it has not been found profitable to sidered.
attempt to determine the amount of damage The actual distance in yards of all the troops
to military equipmtent or to lines of communi- within the radius of the bomb's effect is meas-
cation. Techniques will be developed to ex- ured and the resulting percentage of deaths
pand the analysis to include othet than effects and incapacitations is read off from Figures
on personnel. In the meantime, the following 25 and 27.. Incapacitation means an injury
analysis is presented as a first approximation sufficient to require hospitalization or first aid,
to a solution, the zoldier being removed from active partici-
FIRST ARMY OPERATIONS IN EUROPE pation in the battle.

In Table XXXIII the results of these meas-
On 1 March 1945 at 2030 hours the First urements are tabula' ed for the 273rd Regi-

.Army, massed and prepared for an attack ment.
against Cologne, had bcgun to move forward Similarly, using Map 31, the effects of drop-
on a 28-mile front. Of the 17 miles V Corps ping an atomic bomb at various places within
held of this front, the 69th Div was responsible the area of the 271st Regt are studied and the
for 5,000 yards. (See Tabie X= for First results presented in Table XXXIV. For a
Army Report of Operations, and Table XXXII bomb dropped close to the line between the
for Strcnoth of Corpe,) 273rd and 271st Regt (see Map 31, aiming

The 9,000 me, in the 3 regiments of the point 9), the results can be summarized in
69th Div (i.e., 271st, 272nd, and 273rd Regt) Table XXXV.
were within 2,500 yards of the front line. A studs of Figures 28, 29, 30, and 31, shows
These situations are illustiated in Maps 29, that the average frontage of a division in the
30, and t. Aie 272nd Regt of the 89th Div First Army ranged from 1.71 miles in de-
was in reserve south of the 69th Div in the fensive operations (12-19 divisions in action).
106th Dlv area. On the average, 1 20 KT atomic -... ib will

Position and strength of division artli~ery is effectively stop an offensive operation of a
uncertain. It a. m rnsued to cornsLt of 4 ba, division, if the men are wearing ordinary
tallons of 500 m:.n each, and is known to be clothing, and 2 bombs will stop the offensive
supported by 2 battalions of 500 men each, if the men are wea;_,Ag ipecia-i u-- -orms. If
and one heavy howitzer battery of about 150 the fror ýdge is smaller than ;ve.age, - atomic
men from V Corps. All 6 ot these battalions bomb may be sufficient to eliminate a division
are located 3-6 mils" from the front line, 3 even though the men are wearing special
jatt•lions assumed ; hr- wl._hin the 273rd clothing.
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C0L069,,

SCALE IN MILES
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Map 29.-Position of US First Army 1 March 1945, 1200 Hours
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TABLs XXXI

FIRST US ARMY, REPORT OF OPERATIONS'

__, -- ____A__O--OP1RATION

1944
15 May-I Aue Amphibious Offensive

Moun' ng of Operation "Neptune" Amphiblous Operations
6 June Operations on Omaha and Utah Beaches Amphibious
7-10 Juno 2stablishine.it Cf 5,achhead Art ihibious

Cam~paigu to Capture Cherbourg Oaoerive .iperatlons
Cutting the Penirsula and the Offensive
advance Capture of Chcrbourg Offensive

I5 July-I Aug Pursuit
Operation "Cobrn" Pursuit
Success of Decisive Breakthrough operation Pursuit

1 Aug- 12 Sep Pursuit
Exploitation of St, Lo Brcakthrough Pursuit

1-12 Aug The Drive Eouth Pursuit
Mortain counterattack Pursuit
Cheolking the Blow Pursuit

13-19 Aug Falatse-Avenwn Gap Pursuit
Closing the Gap Pursuit

19-26 Aug Drive to the Seine Pursuit
Capture of REluf Pursuit
Capture of Paris Pursuit
Prepnrations for Exploitation Pursuit

27 Aug-$ Sep Battle of Northern France Pursuit
Drive to the North Pursuit
Change of Direction to the East Pursuit

4-12 Sep Push to the Siegfried Line Pursuit
13 Sep-15 Dec Battle of Germany Offensive
13 Sep-! Oct Consolidation Offensive
2-21 Oct Aachen offensive Offensive

Capture of Aachen
22 Oct-15 Nov Preparation for a new offensive Offensive

Attack toward Schmidt Offensive
16 Nov-15 Dec Drive to Roer River Offensive
13-15 Dec Roer Dams Offensive Offensive
16 Dec-22 Feb 1945 German Counteroffenuive and Drive to Roer River Defense
16 Dec-2 Jan 1945 German Counteroff.3nsive Defense

19485
3 Jan-27 Jan Allied Counterattack (Counterattack)

2S Jan-22 Feb Drive to Roer River Offense
23 Feb-28 Feb Crossing the Roer River Offense

Drive to the F-P Ptver Offense
1-24 Mar Crossing the Rhine Offense

Advance across the Erft River to the Rhine Offense
7 Mar Capture of Remagen Bridge Offense
8-24 Mar Build-up of Bridgehead Offense

25 Mar--9 kv- Exploitation of Remagen Bridgehead Pursuit
Encirclement of German Army Group B Pursuit

6-18 Apr Drive to :ase. Pursuit
Clearing Ruhr Pocket Pursuit

19 Apr-8 May Final Opera-ions Offensive
19-24 Apr Consolidation on MtIde Rver Offensive
25 Apr-3 May Contact with the Soviet. Army Offensive

SFirst Army had 2-4 Corps (av. 3); And 5-19 Division- 'av. !2),. Average First Arm:y es -o.t' 1VA0 49.,c (i•.8 min-
287 may).
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V CORPS OF FIRST ARMYT" GERMANY 28 FEBRUARY 1945

0o PrICERS ZNUBSIZD MEN

69th Division
Asrigned Unts

271 Inf Regt. .... . ..... ................ .. . 158 2,786

272 Inf Regt. ................... .. 161 ,1, ow

273 Inf Regt.. .... ...... ....... ... .. . . 159 2.940

69th Div Artillery
269 Engr Combat Bn
369 Med Bn
HQ Spec Troops
69 MP Platoon
69 Recon Troops (mewzd)
69 QM Co
569 Signal Co
769 Ordnance QM Co
HQ and HQ Co 69th Inf Div

AUaehed
661 TD Bn

Supporting Units
406 FA Gp

HQ and HQ Btry ...... ... ........ ......... 18 76
4186 FA Bn (155mm howitzer-tractor, drawn) ............ 30 471

941 FA Bn (4.5-inch gun-tractor, drawn)
B Btry-552nd FA Bn (240 mm howitzer-tractor, drawn)

467 AAA Auto Wpus Bn (SP)-A, B, C, D Btrys using M-1's and M-15'". 36 660

(562) (ý9, 864)
69th Division Total ...................... .......... 04 12, 983

28th Division ................................. ........... 743 13,140
2nd Division ... ........... ........... ..... 868 15, 264
106th Division ....... ........... 27 ., 666
7th Armored Division (Reserve) ... ................. 714 10, 102

3,656 56,155

V Corps Troops .......... ..................... .. . 25,490 officers and enlisted men
Total Strenta V Corp ........................................... 85,000 officers and enlisted Man

The V Corps on 1 March 1945 had 4 infantry operation. Since the lethality of the bomb
divisions and 1 armored reserve division in the depends on the distance from burst a corps
field. It contained about 85,000 men .and haul that was widely dispersed would require many
a 16-mile fron.. Atomic bombs have little more bombs to knock it out. T1hus, it is obvi-
effect on tanks and personnel inside the tank. ous that the time picked to drop an atomic'
The only hazard to men inside tanks is that bomb is of paramount naprrtance.
from gamma radiation, and zIrnce these effects The First Army, of which the V Corps was
are in genr'ui delayed, the immediate tactical a part, had from 2 to 4 corps (average 3) and
situation will not be affected. Since 1 bomb between 5 to 19 divisions (average 12) from
will effectively stop the offensive operation of 15 May 1944 to 8 May 1945. The ..'.y front-
a division, 4 bombs would destroy the V Corps age ranged from a minimum of 19.8 miles to
on 1 March 1945 if the men wcre wearing a maximum of 287 miles. On 1 March 1945,
ordinary clothing. If the men were wearing there were two corpe in the Firt Army and
protective clothing, 8 bombs or less would be the frortage was a lfut 32 lzi.KY.ez If the men
necessary to destroy the corps. were !-n ordinary clothing 8 bonr..,. or less

Figures 28-31 show that the corps' front- would have been required to knock out the
age varied from a minimum of 6 miles to a First Army, 16 bombs or less being required if
may-imum of 390 r,2c• for various types of the men wore vrotective clothing.
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T.k3LE XXXIII
EFFECTS OF GERMAN USE OF ATOMIC BOMBS AGAINST THE 273RD REGIMENT. 69TH DIVISION,

V CORPS, FIRST ARMY, 1 MARCH 1945, 2000 HOURS

AIM-

EXAMPLE IOG TARGET ASSUMI'TIONS EFFECTS

'POINT I

1 Artiliery 1. U.L. roops and Gcrman troops 1. Three artillery battalion- of the 273rd, several
dug in. command po-ts, and .. c e'.: porting units

2. Artillery men in open. almost completely knocked out (approx.
3. All men in ordinary uniform. 1,000 dead, 800 incapacitated).

2. !!aif ol one artillery battalion in 271st Regi-
mental area, and part of one artillery bat-
talion in 424th Regimental area of 106th
Division, plus parts of supporting units,
knocked out (approx. 200 dead, 400 inca-
pacituted).

3. No front line troops affected.
Summary- Approximately 1,200 killed and 1,200 incazp--itated. Artillery effectively eliminated and any offensive action

of this r-giment stopped All effect,; are on persoinel, ]it!,c dar.:sge oýccurring to guns.

II 1 Artillery 1. U.S. troops in open, German troops 1. Effecth on artillery the same as effects I and 2,
dug itn. Example I.

2. Artillery men in open. 2. Approx 600 front line troops die, and 1,200
3. A.l men in ordinary uniform, incapacitated.

Summary Approximately 1,800 killed and 2,400 incapacitated. Artillery effectively eliminated. More than half of all
front line troops in Peg. area are out of act mn. Artillery fire control and optical apparatus located at observa-
tion posts may be damaged.

III 1 Artillery 1. U.S. and German troops dug in. 1. About two-thirds of artillery strength of 273rd
2. Artillery men in open, wear special Regt. knocked out (approx. 400 dead, 600

uniform. incapacitated).
3. All front line troops in ordinary 2. Little or none of artillery in adjacent Regi-

uniform, mental areas affected.
3. No front line troops affected.

Summary Approximately 400 killed and 600 incapacitated. Two-thirds loss of artillei f in Regimental area effectih Jy
eliminates the Rebiment from offensive actiop. If artillery men can get some shielding such as metal shields
on gun positions, and/or some shielding from ground burial, effect.. on artillery will be greatly reduced.

IV 2 Troops 1. U.S. troops in open, German 1. Approx. 2,900 front line 'romps of the 273rd
troops dug in. Regt. out of action (about 2,300 dead, 700

2. Artillery men in open. incapacitated).
A All men it, ordinary uniform. 2. Close to 10 percent of 271st Regiment per-
4 German troops at least 2,000 yds. sonnel ineapacitated (350 men) and 10 per-

from -rnnnu ; ýro cent of 424th Regiment personnel incapaci-
tated (350 men).

3. About 80 percent of all artillery personnel in
2731rd Ibr.' area knocked out (500 dead,
700 incapacitated).

4. Ab, it 75 percent of personnei of one battalion
of artillery in 271st Regiment area knocked
out, plus other supportini, units and ".P.
plus about 40 percent of or '

mqe company
in 271st Regiment ý:ppiox. ;50 dead, 350
incapacitated).

5. Approx. 40 percent of one artillery battalion
in 424th RPgimnent area knocked out (50
dead, 15.! *

•,ummary Approximately 2,900 killed anid 2,600 micapacitated. Ti.u' . iitr-iops !U'v ,,... a tVie opet tha effects will
be overwhelming and completely wipe out the offtr.oive c; the Regiment, at the same time doin 6 zonsiderable
damage to adjacent units
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TABLE 2.XXIII (CofMInued)

]EXAMSPLE !N ARE ASSIUMPTIONS IGtTRE'EFFECTS
POINT

V 3 Front Line L. U.S. and German troops dug in. 1. Approx. 900 front line troop& of the 273rd
Troops z. Arti|ery r-in in open. Regt. out of artion (200 dead, 700 incapaci-

3. A-l men in ordinary uniform. tated)
4. German troops at least 2,000 yds. 2. About one and opt-half ai.,idry 'c.ttaliorns

from ground zero. knocked out (400 dead, 350 incapacitated).
3. About 25 persient of one artillery battalion in

the 271st Regimental area and 25 percent
of one artillery battalion in the 424th Regi-
ment area knocked out (100 dead, 200 inca-
pacitated).

Summary: Approximately 700 killed and 1,250 incapacitated. These effects should be enough to stop the offensive of the
Regiment.

VI 4 Front Line 1. U.S. troops in open, German 1. About 500 front line troops of the 273rd Regt.
Troops troops dug in, both in special deaa, 1,000 incapacitated.

uniform. 2. One and une-half .r"!e., battalions knocked
2. Artillery men in open in ordinary out (300 dead, 450 incapacitated).

uniform. 3. About 15 p'rcent of eacsh artillery battalion
3. German troops at least 1,650 yds. north and south of 273rd Regiment out of

from ground zero. action (60 dead, 120 incapacitated).
Summary: Approximately 860 killed and 1,570 incapacitated. Artillery effectively knocked out and infantry seriously

lost. Offensive will be stopped.
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EFFECTS OF GERMAN USE OF ATOMIC BOMBS AGAINST THE 271-ST REGIMENT, 69TH DIVISION, V

_________ CORPS1 FIRST ARtMY, IM ARCH 195 2000 _ __HOURS__

andPLI 1,00 incpaitaed ReulNUam aMEOmleI

ViSam 5s iriler Exapl game wan hixample I.I abL fhir artillery btain f21t g.,

2.kppoc.e 60font ý1.0 le,, O tro.wdead, 1,200 In

capadeatd,.99icpaiae)

Summary: Approximately 1,900 killed and i,000 incapacitated. Resulttse amie as Extample II.

IX 5 Artillery 1. Same as in Example 11I. 1. Same as in xamnple 3 for artillery and front
line troops.

Summary: Same ab Example I11.
X 6 Front Line 1. Same as in Example IV. 1. Approx. 2.900 front line troops of the 271st

TroopsRpgt. out of action (2,200 dead, 700 incapaci-
tated).

2. About 10 pereent of personnel in 273rd Regt.
and 10 pereent, of one regiment of 28th Dih i-
sunm out of action (200 dead, 450 incapaci-
tatled).

3. 75 percent of artillery personnel out Of action
(500 dead, 700 incepacitated).

4. 15 percent of one 273rd Regiment artillery
battalion out of action and half of one 28th
Division artillery battalion (100 dead, 2215
jncapacitwa ed).

Summary: Approximat*Žy 3,000 killed and 2,075 incapacitated. Results same as in Example IV.
XI 7 Front Line 1. Same as in Example V. 1. Approx. 900 frunt lice troops o. the 27 1st Regt.

Troops out of action (200 dead, 700 incapacitated).
2. Two artillery battalions knocked out (300

dead, 700 incapacitated).
5. 10 percent of the 28th Division artillery out of

action (50 dead, 100 incapacitated).
Sumt,tori,: Approximately 350 killed and 1.500 incastsitated. Results same as in Example. V.

G Pront line SArwi it. h. Lxmplf- VI. 1. Approx. 1,200 front line troops of the 271st
Troopis Regt. out of action (400 dead, 800 Incapaci-

tated).
2. 60 percent of thc terse artillery battalions in

the Rtegirr-e'ital arcAs knocked out (300 dead,
C53 incapacitated).

3. 30 percent of one artillery battalion of 28th
Divislion knocked out (50 dcAd, 130 incapawi-
tated).

9w--- Approximately 750 killed and 1,580 incapacitated. Serious dasmage to both artillnry and infantry. Offensive
artinn of the Regiment is stop -d.
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S. ..... •" " IoBLL.,XXXV

EFFECTS OF GERMAN USE OF ATOMIC BOMB AGAINST THE 69TH DIVISION, V CORPS, FIRST
ARMY, 1 MARCH 1945, 2000 HOURS

EXML Mo TARGET A38UMMTON8 Z,;7V ACTI

IPOINTII

XII1 9 69th Div. 1. U.S: troorm in open, German troop 1. Approx. 5 artillery bas. knocked out (about
dug in. 1,200 dead, 1,600 inespat'tated).

2. Artillery men in open. 2. 6,000 front line trilpi out ow autioi. Z,000 dead,
3. All men in nrdinary uniform. 4,000 incapacitated).
4. German troops at least 2,000 yds.

from ground zero.
Summary: Approximately 3,200 killed and 5,6W0 incapacitated. Almost complete elimination of 4iv. artand front line

troops. Div. offensive stopped.
X1V 9 69th Div. 1. U.S. troops dug in and Germa 1. Effects on artillery same as in Example XIII

troops dug in. (1,200 dead, 1,600 incapacitated).
2. Artillery in open. 2. 1,000 front Line troops oi.r of action (400 dead,
3. All men in ordi,.r.y •i,•ijorm. 600 incapacitated).
4. German troops at least Z,00 yds.

from ground ero.
Summar,., Approximately 1,600 dead and 2,200 incapacitated. Despite the lower losses in front line troops as cemnparad

ui lh Example XIII, the elimination of the division artillery will remove the division from effective offensive
action.

XVI I 69th D.v. 1. U.S. troope dug in and German 1. About 2 bus. of the artillery within the 273rd
Artillery troops dug in. Regt. area knocked out (approx. 400 dead

2. Artillery in open. and 600 incap.).
3. All men in specud uniform. 2. About 2 ban. of the artillery within the 271st

and 4. German troops at least 1,650 yds. Regt. area knocked out (approx. 400 dead
from ground zero. and 600 incap.).

5 69th Div. Same assumption as in Aiming Pt. 3 No front line troops affected.
Artillery I above.

SumrrAry: Approximately 800 dead and 1,200 incapacitated. The two bombs will definitely knock out the division
offensive. One of these bombs may prove sufficient to knock out the division's offensive since It will neutralize
one-thirdl of the division's artillery.

XVI 4 69th Div. 1 U.S. troops in open. German 1. About 500 front line troope doad and 1,000 in-
F r o n t troops dug in. capacitated in 273rd Regt.
L i n e 2. Atillery in open. 2. About 00 front line troops dead and 800 in-
Troops 3. All men in speciol uniform. cApacitated.

and 4. Germuan troops at lcast 1,6W yds.
from ground zero.

8 Same assumptions as in Aiming
Point 4 above

Summary: Approximately 900 killed and 1,9 ,v;n-apeitted. This would stop the offensive of the Division.

144-



Appendix B MA

MILES
64

ARMY
56 FRONTA14

SCORPS
FRONTAGE

E AVERAGE
DIVISION
FRONTAGE

40

32

SU _

21-

16

I BOTH 2.96
.-- : OMAHA 2AV MX MI . AV. M. _ UTAH

0
6-6-4 6-IO-44I 6-6-..4 6-10-'4'I 6-8 '44

Figure 28,-1 Army Frontage, Amphibious Assault, 6-10 June 1944. 1 Army 2 Corps. 5-9 Divisions (Av.
6 Divisions)
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M ILES
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Figure 29.-I Army Frontages, Defensive Operations, 16 December 19-4-27 January 1945, (ý iranuary-27
January 1945. Ctunterattack phase by I Army) I Army. 3-4 Corps (Av. 3 Corps). 12-19 Dj,,WosIn

(Av. 14 Divisions),
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M I LES

SARMY

' FRONTAGE

256 • CORPS

EEE FRONTAGE

SAVERAGE
224 DIVISION

192

160

1•i8

96

641

32

8-18-44 k- 141-1,5 3-29-15
Figure 30.-I Array Frontages, Pursuit Operations, "Operation Cobra" 25 July-12 September 1944; Break-
out from Reitagen L&_'_•heacd to Mulde River, (25 March-18 A.trl 1945) 1 Army. 3-4 Corps A•7. 3

Corps). 8-17 Divisions (Av. 12 Divisaons•
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MILES "

256

224

Notes,
*To enable Corp:, to regroup for

"Operation Cobra" (ViI Corps).,

**XVIII Airborne Corps, after II

192 Army's N. E. advance across Corps'
front - reducing this front from

21 miles on 9 Jan.
***V Corps closes to Rhine River,
reducing Corps' front fro., 18
miles on 8 Mnrch.

160

% ARMY
FRONTAGE

128
CORPS
FRONTAGE

SAVERAGE i mmmm~

DIVISION
96 FRONTAGE

64

I 41ON. AAV. MAX. 2.68

1-28-4.5 5-5-45 "tI•':
** 1-28-15

`3.15.115

fl'ue 31.-I Army Frc:.',-es, O•,c.s1,e Operations, 11 June 1944-2., July 1I•44, 13 September 1944-15 De-
cember 1944, 28 January 1945-24 MarcP 1945, 19 April 1945-8 May 194b, I Army: 2-4 ,.ornS (Av. 3). 8-16

Divisions (Av. 12)
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CONCLUSIONS Against a corps holding a front line of aver-

One atomic bomb properly placed can effec- age length, I bomb per division wili be required

tively kriock ou. large amounts of the artil- to eliminate the offensive power of the corps

lery personnel in the regimental areas and if the men are in ordinary clothing and 2

many front line troops, ....inat..he o1 .MTh - bombs per division if they are wearing speclal

sive action of the regi clothing.. -•on o •'•rcgnent.

One bomb properly placed caa remove a The number of bombs requi-ed to destroy

sufficient number of artillery and front line the offensive power of an army depends on the

personnel of a division in ordinary clothing extent of frontage, the clothing worn by the

from action to effectively destroy the offensive men and whether or not they were dug in.

power of the division. If the men ar- in spe- Less than a dozen bombs would have destroyed
etal uniform and dug in, it will probably take the usefulness of the First Army on 1 March
about 2 bombs to achieve tbe same result. 1945.
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Appendix B

A COMPARATIVE STUDY OF THE CASUALTIES FROM A 20 KT AIR BURST

OF AN ATOMIC BOMB OVER US AND USSR TROOPS DEPLOYED

FOR ASSAULT ACCORDING TO STANDARD OP-

ERATING PROCEDURE

PROBLEM Tables XXXVI and XX,'II show the
To estimate casualties to US and USSR numerical detail of the studies on the two de-

infantry divisions deployed for assault accord- ployments. In each case casualties were
ing to standard operating procedure, from an counted unit by unit in each deployment area.
air bu; it of a 20 KT atomic bomb. In each table the left hand column ldentii•f.s
FACTS units shown in the figures by a serial number

Standard operating procedures for the de- which has no other sign.fli.ance, Units shown

ploy,..ent of infantry in assrault are available in parentheses are actual, indicated units in

for both US and USSR armiei. Defensive de- the figures, used to describe identical units

ployment is not considered in this study. in that portion of the figures not containing
Estimates of casualty probabilities as func- the designations.

tions of distance from ground zero for a 20 KT In each case the point of burst was chosen
bomb exploded at a height of 600 yards are to inflict severe personnel casualties, without
available from Annex 1 of this appendix. considering other factors which might have
DISCUSSION influenced a different choice. Effects on

The deployments assumed are shown in Fig_ equipment and materiel are not considered.

ures 32 and 33. The terrain is assumed to be The method of choosing the point of burst did

level and without natural shelter. not involve a rigorous analysis, and it may be

-he T/O for US infantry is taken from FM that a different choic i would have led to the

30-10 and the depths and frontages are based computation of slightly more casualties. In

upon conversations with Col W. E. Waters, each case, after the height of burst had been

GSC (FA), and Colonels Tipton and Ondrick, chosen, it was verified that friendly troops

C&C-SC. Ft. Leavenworth, Kansas. would not have been within the maximum

The T/O for Soviet infantry is taken from radius of damage for personnel in fox holes.

Department of the Army Pamphlet 30-2 It is assumed that the bomb burst immedi-
(1949), and the depths and frontages are ately after the lifting of the final artillery bar-
taken from unp-olished studies of captured rage just prior to the attack. The columns
German documents. headed "N(Present)" and "N(Exposed)" in

The various components which have been Tables XXXVI and XXxI- give the number
put in the areas in Figures 32 and 33 may iou of troops assumed to be present in each unit

produce a :ealistic situation. It will be no- and the number exposed in the open at the

ticed in Table XXXV=U, for example, that the time of the burst.

total number of men invoived in the US situ- In this study, X is interpreted ao :.'Ie prob-
ation is 17,113 per divisional sector, as com- ability that a man in the open at the corre-
pared vwth about 25,000 per SovieL aivisicnal sponding distance from ground zero will suffer
sector. Tnis dinparity may be correct in the injuries causing his death within half an hear.
areas of offensive deploymeni considered. In the same way, Z 1. mu.erprete6 ;-erb as the
However, it i-s felt that the disparity is probabt'-y that a man cav-ht in t.,e open
probably not lite:'ally correct, being the within the corresponding distance from
result of inaccurrxcies in information as ground zero will require hospitalization if he
\, ell as misjudgment ip-'IuJed deployment, does not dlii within half an hour. Average
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Appendix. B B1b

KEY TO FIGURE 32

Division A
a, Divisional Reinforced Co:- 320
%I Divgion.Ii Reinforced Co' 320. *1

a2:ý Division,i Reinforced Co, 320, #2
a3- Divisional Reinforced Co:, 320, #3
a4' Divisional Reinforced Co: 320, #4
b. Divisionad Reinforced Co:, 370
NO, Divisional Reinforced Co:. 370, #10
b]2:, Divisional Reinforced Co:. 570, #12
1)17:. Divisional Reinforced Co:, 370, #17
c:l Divisionai Engineers Co:. 243
c9: Divisional Engineers Co:- 243, #9
ell:, Divisional Engineers Co: 243, #11
d:. Divisional Reconnaissance Co: 170
e20: Divisional Tank Battalion:- 700, #20
f:, Regimental HQ:. 50
f22., Regimental HQ:. 50, #22
g21.. Divisional & Corps Artillery: 5,800, #21
U25:, Divisional MP Co:. 187, #25
126:. Divisional Quartermaster & Ordnance Repair. 630,

#26
j27:. Divisional Reserve Regimient:. 3,774, #27

Diision B
a' Divisional Reinforced Co
aS:. Divisional Reinforced Co: 320, #5
a6: Divisional ReinforecJ Ca: 320, #6
a7: Divisional Reinforced Ca: 320, #7
a8:. Divisional Reinforced Co: 320, #8
b:. Divisional Reinforced Co
b14:. Divisional Reinforced Co: 370, #14
b16:. Divisional Reinforced Co:. 370, #16
b19.: Divisional Reinforced Co: 370, #19
c: Divisional i-igineers Co
ci3:, Divisional Engineers Co:, 243, #13
c15:. Divisional Engineers Co:- 243, #15
d18: Divisional Reconnaissance Co: 170, #18
e:, Divisional Tank Battalion
f:. Regimental HQ:, 50
f23: Regimental HQ:. 50, #23
g24'.. Divisional and Corps Artillery:. 5, 800, #24
1. Div~siousl MP C.,:, !o7
i:. Divisional Quartermaster & Ordnanec Repair: 630
J28: Divisional Rescrve Regimaent:- 3,771, #28
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Appendix B

KEY TO FIGURE 33 C-rp.. HQ- 200, #123

DLtion A z12'l Armn% Simn Battalion .•)0, #129

a R iiegmer,.al Battsiaio; 555. $1 D..-isir C
&2 P•.tgnnt'l Baltaho'i 555. #2 all, Rernrina! talattalion 555, #11

a3 lc.innic,!it]tal Ltttaiho 555. #3 .12 BMW. ,oeitl htahta, M5 9112
a4 It.,iMic tal BittahIo 555, l4 a13 Re"imental Battali., 55.. #3

b21 Reoint,.sal AA 00., 2! a14. Reg untal Battalion 555, #04
b24 |ogmwwiua; A-A 60, #24 a15. Regnimntal "GttaWion: 555, #15

e22 Itegimctal &'crs.: d Other, 275, #22 aMS. Reginental Battalion 5Z5, 4"
c25 It gimental F.,,•.nter and Others 275. *25 b36 Regimental AA: 60. #36

d23 hegimental Artillery 15, 123 b3.- Regimcontal AA' 60, #39

d26. Regintelital Artilerlr W6•, #26 b12: Regimental AA. .0, #42
f5l: Div-iional Artillery Brigade 900, #51 637. Regimental Eonvicers and Others 275. #37

g52 Diviiionai Armor 700, #52 rIO Regmiental Engincira and Others. 275, # 10

1h53 Div:siomd Reconnat4anee Battalion 500. #53 e43. Peguncntal Er'wuncers and Others' 275 #43

.54 Corpo Engineers Battalion: 500. #54 -138 Regiment,. Artillery 165, #38

.69: O:ie-half Corpý AA Revtment 900, *69 d41. Regimental Ariillery: j65. #41

k73 Regimental Battalion: 555, #73 d-14 Regimental Artilry 16MR, #44

k74. Regimental Battalion' 555, #74 eG0 Corps Artillery Brgade: 1,800, 0'10

183 Reginental HQ 100, #83 f61. DivL..ional Artillerý Brigade: 1,81M, #61

SIg Regimertal HQ .00, #84 g62 Divisonal Armor. 700, #62
o93 Divisional Transport: 20C, 93 hg, Divisional Reconnar.700,e Battalion 500, 663

p94 Divi.ional IIQ: 250, #94 M64. Corps Engineers Battalion. 500, #64

Q95 Di:•siona QM 101, 95 j71 Corts AA Reginent. 900, #71
r96 Ditiýionat Ordnance Repatr 100, #96 1,7. Reginental Battalion 5o5, 178

s97 1)iral Signal Battalion 500, #97 k79- Rcginuintal Battali•i.: 555, #79
t0 17. Corps Service Regiment 2,000, #117 k80 Rteginienital Battalion' W5, #80
ullS Corpo Engineers Battalion Reverse 500, i118 158 Regimental lIQ: 100, 088
vI19 Corps AA Regiment Reserve: 900, #119 189: Reginental HQ' 100, #89

DIminon B 190. Regimental IIQ: 100. #00

a5 Reginýi.tal Battalion 555 #5 m1oS Divisional Medical Battalion: 500, #105

a*. Regimental Battalion: 555, #3 nIOG. DiviAicial Chemical Company: 100, #10b

a7 Regmental Battalion 555, V7 o107 Divisional Transport: 200, #107

aS. Regimental Battalion 555, #8 plO8. Divisional HQ" 250, #108

a9 114gimental Battalion- 555, #9 q109: Divisional QM: 100. #ln9

a!O Regimental Elattahon 555, #10 rllO' Divl;ioiTl Ordnance Repair: M00. #110
b27 Rigimieittl AA 0, IF27 sill Divisional Signal Battalion 500, #111

b3o. Reginientil AA. 60, #30 t124' Corps Service Regiment. 2,000, #124

b33 Ieginiental A A 3', #33 u125 Corps Engineers Battalh- n Reserve- 500, #125

c9tA. Regimental Engineers and Others 275, #28 v126 Cor"s AA Regiment les tve: 900, #126

O31. Rcg,; rc .a E. *, .. r-1 =d Other" 275. #31 B to Bi Line

c34. ],tgimental Engineers and Others. 275, #34 yy130 Mechanized Rifle I)iviaion i, 'te.worve 11.000,
d2o Regincntal Artillery 165, #29 #130
M32. Regimental Artillery 165, #32 Dision D

d35 Rigimental Artillery. 165, #35 ttaio 5, 1

e55 Corps Artiller% Brigade 1.800, #55 a17 Regmnnti Battalion' 555. #17

f56 Divisionai Arbitery Brigade 1, 500. #56 a18' Regimental Battalion 555, #18

g57 Dinisio;rt Armor: 706. #57 a19 Regimental Battalion' 55.5, #19

b58 Di isional Reconnaissance Battalin', 5W0, '5F, a20 Reginintal Battalion' 555, #20

iZ9. Corps 1- gineers F it'- .'r O -%, 0,)9 bib: Regimental AA. 60.

]70 Corpts.. t ::egiment' 900, #70 148 F'gin'ental AA: 60, #48

k75 Rtegiiienial Battalion 555, #75 c46. Reginental Engineers and Others: 275, #46

k76 Rcgatntali battaion 555, 076 c4
9  

Ilega:nieiitat tI.giiie-rs S ' i'..ir 275, #19

k77 Reg'.'.'tal Blttalion 555, #77 d47 eg~imental Artillery: 165, #47

185 Rigi,.',ital 11t2 100., W8 dS0. ltekiiiental Artillery. 165, #50

IS -'mental 11Q 100, #89 e65. Corps Art,!!z , Brigade. 1,800. #65

367 lteeinitntal IIQ 100, #87 f10 Illisioiial Artlilerf Brigade 1.800, #66

m98 'Si. isionl Msetics! Ba'.asoni 500. #98 g(,7 :lsi',o'il Armor. 700, #67

n99. Diswoiims Chemical Company' 100, 099 "b,8. lii.i-,onsi Reconnai-sance Batatiton 500. irl

ot)O Di i.ional Transport. 200, #100 172 Corpl. k. Regiment 900. #72

plOI 1)isi(ionsl IIQ 250, #101 X81 tregi,•iitdal Battalion 555, #81

q"n' D) ? siinai QMI 100. #102 182 lteg.niei.tl Battalicin 555, #82

ri03 Ds.-0, t rdinance vtept'r 100, #103 19. lti-g~nital IIQ 100, #91

A104 D ,iojOnsl Signas liatialion 50•). #10! 1'!2 1,,giOesitnal IIQ" 1l0, #'.2

wl'ti (orps.,Artlters lemrse I 2otX,#121 .,-ii D]."nl ,i iM lrsl HzBa ": ,W..-2

xi,20 I2o ,lis'i. .d ltflr Diviion in i•tvýs re ii,("0. nil lS l -t . . t. lithe, catt lmil.--,. 010, #113

S121, oIl' 1 -.., mu TwsiT-nport 200,; 1i i4
zz128 Aim., Slr',' lte.ii,ht 2. 0, *12 8l 35 l), "iha !IQ- 250, 4115

A i# A' C(rnicr lIre q-r, l)mvm-,snal Q.M' i00, #110

.!22 Coo -ns• , itathion 500, #122 w127 ('0rpm Artailcr) Reberve !,200, #127
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values of X and Z app1'ojriate to the unit tive in armor, artillery, and other personnel
designated hy the seriaInl - i, u the left in each divisional area are assembled in Table

hand columns of Tables XXXVI and XXXVII XXXIX. All casualties are assumed to be
form the third and fourth columns of these maximum. Effects on equipment and ma-
tables, respectively. teriel will be the subject of further studies.

The numb.,e of men killed in any given unit Of the men not killed or wounded, almost
is simply NX, and the number hospitalized i6 all within 5,000 yar, of g '-mund _',ro and many
NZ(I-X). Both of these quantities are tabu- within 10,000 yards would be ieft somewhat
lated and summed in Tables XXXVI and dazed by the blast, and many would be tem-
XXXVII. The result of one air harst over this porarily blind for periods ranging from min-
deployment is 10,321 killed and 4,2a5 hosrp- utes to hours
talized for the US forces, and 16,572 killed Under the particular set of assumptions
and 6,157 hospitalized for the USSR forces. made here, there would be no delayed
It should be noted that casualties are among deatns--thaL is, no one caught in the open
several divisions, plus attachments. and ,^,ot in need of immediate hospitalization

To show how, hn this hypothetical example, would •ztcr dic of gamrma ray effects. Thus
casualties would be divided between adjacent under the conditions assumed, it would be
divisional areas of responsibility, these areas definitely advantageous for troops to wear dog
have been definitely laid out. In Figure 32 tags which would indicate the degree to which
the rectangular area whose comers are de- they had been exposed to gamma rays. All
noted by A, A', B, and B', will be referred to those not. hospiiaiized would be thus relieved
as divisional area A; the corresponding rec- of fear that they had been fatally irradiated.
tangular area whose comers are denoted B, If the particular conditions assumed here
B', C, and C', will be referred to as divisional obtained over an entire army front, and if the
area B. In Figure 33 the incomplete rec- defenders could explode atomic bombs at
tangle lying to the left of the line C-C' will accurately preselected locations, a density of
be denoted divisional area A. the rectangle 1 bomb per 8,000 yards of frontage would comn-
whose comers are denoted by C, C', A, and A', pletely break i p any attack. This is 0.6
will be denoted divisional area B, the rectangle bombs per divisian of US troops, or 0.4 bombs
whose comers are denoted by A, A', B, and B', per division of USSR troops.
will be denoted divisional area C, and the in- In considering the results of this study, the
complete rectangle lying to the light of line highly specialized character of the assump-
B-B' will be referred to as divisional area D. tions used should be constantiy kept in mind.
In laying out these sabdivisions of Figures 32 The timing assumed Is probably much more
and 33 it is not intended to imply eith'er that nearly optimum tnan can be anticipated from
all personrui of the divisioc sxre within the presently contemplated means of delivery. In
area at the time of the burst or that only short, the situation assumed is ideal from the
division personnel are there. A line drawn on point of view ol 1:.., user of the bomb, and the
a map between 2 divisions may have no more results probably represent maximum casual-
thar. •.•ninistrative significance. In the ta- ties whirh can be inflicted on infantry in the
bles estimates of strengths and casualties have field by a single 20 KT bomb.
been included for those portions of the d;•i- It should be further kept iY' Yr ind that uni-
sional areas not shown in the figures. Thus formns specially designed to reduce the number
the numbers quoted throughout are for coin- of burns from the bomb flash are possible and
Diete divisional areas. The sections r -t shownei vo avery likely to be effective. The use of such
have been ;dertifled in the US tauu;ation uniforms has nt b ee here. Had
(Table X ) ...... -- . . .. ie this %,li' rnption bc_.. zade. tna computed car-
tabulation (Table XXXVII) by parentheses. ualties would have been much lower. Also, it

Makhng ur-c -f +.he caubdlvisions defined pre- has been calculated that fox holes offer very
viously, Table XXXV•II h-,, been constructed. good protection from atomic bomb effects at
The percent.ages k_,ied. hospitnlized, and effec- distanc.-. greater than 800 yards from ground
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TABLZ XXXVI
CASUALTIES AMONG US TROOPS

SECTNo iDIV ARM () x z NZ NX (I-x I (I-X
-- PRESENT EXPOSED) I % DEATR 0 HOSP. NO. DEATHS NO. IO' . ATIi,• NO.IP

I A 320 320 95 100 304 16 301 16
2 A 320 320 89 100 285 M 285 35
3 A 320 320 70 flO 221 96 221 9 6
4 A 320 320 28q 90 179 1) 179
5 B 320 320 10 30 32 93 32 93
6 B 3120 320 03 13 10 10 10 10
7 B 320 320 01 03 3 10 3 10
8 B 320 l60 00 00 0 0 0 0
9 A 243 243 49 100 241 2 241 2
10 A 370 370 08 100 362 8 362 S
II A ý 13 243 85 100 206 37 206 37
12 A 370 370 50 98 185 168 185 168
13 B 243 243 14 37 34 77 34 77
14 B 370 370 05 18 19 63 19 63
15 B 243 243 02 06 5 14 5 I
le B .370 260 1l o0 3 2 3 2
17 A 370 370 95 100 3.52 185 352 185
18 B 170 170 06 21 •0 34 t0 34
19 13 370 370 02 06 22 7 22
20 A 700 0 00 00 0 0 0 0
21 A 5.ell 5,800 82 1I)N 1,760 1,040 4,7f0 1,010
22 A 50 25 79 10( 20 5 20 5
23 B3 50 25 14 .1 4 8 4 s
24 B 5,100 2,650 03 13 80 334 8O 334
25- A 1S7 90 50 100 45 45 15 45
26 A 630 400 21 52 84 164 Sl 164
27 A 3,774 1,000 03 1i 30 107 30 ;07
28 B 3,774 1,000 00 00 0 0 0(
(8) A 320 320 95 100 304 16 304 1 f,
(7) A 320 320 39 100 28 35 2S5 35
(6) A 320 320 70 100 224 15 224 96
(5) A 320 320 28 78 00 179 90 179
(16) A 670 370 99 10. 366 1 366 4
(15) A 213 243 98 100 238 5 238 5
(14M A 370 370 85 100 314 56 3'4 56
(13) A 243 243 50 98 '22 97 122 97
(19) A 370 370 9q 100 366 4 366 4
(18) A 170 170 j5 10o 352 185 352 185

A 50 25 79 100 20 5 20 5
(B" B 320 0 00 00 0 0 0 0
(2) B 320 0 00 00 0 0 0 0
(3) B 3!1 0 00 00 0 0 0 0
(4 B 320 0 00 00 0 0 0 0

B 243 -1 00 00 0 0 0 0
(10) B 370 0 G0 0o 0 0 0
(11) B 2 ' 00 S00 ) 0 0
(12). B 370 0 00 00 0 0 0 O
(17) B 370 0 00 01) 0 0 0 0
(20) B 700 0 00 00 0 A 0 0
(22) B re 25 Oh CA) 0 0 0 0
(25) B 187 90 4(2 no 0 0 0
(26) B 630 .41)5 C 0 0 0 0 0
(i) C 320 32M !0 50 32 T' 32 93

C 320 320 03 13 1 0 10 40
(2) C 320 320 01 03 3 10 3 10
(W' c 320 160 00 ) 0 0 0 0
(8) C 320 (N 0) 00 0 0 0 0
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""AB'.ADLE XXXVI (ContinueD.
SECTION DIV AREA N 7: z NX N NZ (1-x)

PRESENT I EXPOSED % DEATH % HOlp NO. DEATHS NO F \O DEATHS NO. UOSP.

(7). C 320 0 00 00 0 0 0
(6) C 320 0f 00 00 0 0 0
(5) C 320 0 00 00 0 0 0
(12) C 370 370 14 37 52 1 52 118
(11) C 243 213 OF 18 12 12 42
(10) C 370 370 fu 06 7 7 22
(9) C 243 170 01 01 2 2 2
(16) C 370 0 00 00 0 0 0
(15) C 243 0 00 00 0 0 0
(14) C 370 0 00 00 0 0 0
(13) C 243 0 00 00 0 0 0
(17).. . C 370 370 06 21 22 22 73
(19). C 370 0 00 00 0 0 0
(18) C 170 0 00 00 0 0 0
(20) C 700 0 00 00 0 0 0
(22) C 50 25 14 37 4 4 6
(25) C Is; 90 06 21 5 5 18
(26) C 630 400 04 15 16 aI 50
(21) C 5, 800 2,650 03 13 80 3 80 334
(23) C 50 25 00 00 0 0 0
(27) C 3,774 1,000 00 00 0 T 0 0

Total . . _ _ . 51,339 27,061 10,321 4,2 10,321 4,285

TABLE XXXVII
CASUALTIES AMONG USSR TROOPS

SECTION I DIV AREA (N) (N x I N U NX N 1i
PP.ESENT EXPOSED % DEATlY % HOSP. NO. DEATHS 10. j p NO. DN TUS NO. POSP.

1 ... A 555 0 00 00 0 0 01A A 555 0 00 00 0 0 0
IAB A 555 0 00 00 0 0 0
2 A 555 0 00 00 0 0
3 A 555 0 00 00 0 0 ,
4.. A 555 555 00 01 0 0

5.. B 555 655 02 07 11 i1. 38
6. B 555 555 05 18 28 28 95
7.. B 555 555 18 43 100 1 190 196
8. B 555 555 55 100 326 326 229
9 B 555 555 93 100 bib 515 40
10. 556 555 100 100 555 555 0
11. 555 555 100 100 555 555 0
12. C 555 555 1c0o 100 555 5i5 0
13. C 555 .5 100 100 555 555 0
14... C 555 555 100 100 555 555 0
15 C 555 555 100 100 555 555 0
19 C 555 555 93 100 515 5t5 40
17 D 555 555 60 100 333 333 222
!8 D 555 355' !8 43 !.00 ice 196
19 D 555 555 06 20 33 33 104
20.. D 555 555 03 08 17 17 92
20A. T) 555 555 01 02 6 6 11
2014.... D 555 0 00 00 0 0 0
21 A A,0 .1 fii, 00 0 0 0

x165 'A) M0 0 0 0
21B A •.5 0 w 0 00 0 0
21C A 90 0 00 00 0 0 0
2'2 A 275 n 00 00 0 0 0

A !•5 0 00 00 0 0 0
24 A 60 0 00 00 0 0 0
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kr.TA, XXXVII (Con~inued)
SECTION Wy &34 ( NX N X

DIEWT s.,oalm % E.H % SoP. NO. DZATHS No. HOSP.

25 A 275 140 01D 00 0 0

26. A 165 165 01 03 2 527.. C- fin 02 06 1 4

28.. B27 275 03 08 8 21
2B .......... 10M. 165 07 24 12 37
so ........ B 60 60 15 a9 9 20
M.. ........ B 275 275 a5 89 ýt 159
32 ............ B 165 165 70 100 115 50
33.. B 60 60 91 100 54 6

B 275 275 89 100 244 31
35 ........ ... B 165 165 100 100 165 0
36..C t 60 100 100 60 0
37 ............. C 275 275 10i0 100 275 0
38 ........... C 165 165 100 100 165 0
39.. C 60 50 100 100 60 0
40 .......... C 275 975 100 100 275 0
41.. ...... C 165 165 100 100 1t$5 0
42.. ..... C 60 60 100 100 60 0
43 . . C 275 275 99 100 272 3
44.... .... C 165 165 93 100 153 12
45 ....... D 60 60 70 100 42 18
46.. ...... D 275 275 35 89 96 159
47. D 165 165 1i 43 30 58
48 ........... D 63 30 07 24 4 13
49..... D 275 275 04 14 11 37
50............. D 165 !65 02 07 3 11
50A,.......... D 60 00 01 03 1 2
50B ....... D 275 275 00 00 0 0
sOC......... D 165 0 00 00 0 0
1 .... A ,800 0 00 00 0 0

51A....... .A 1,800 0 00 00 0 0
52.. ..... A 700 0 00 00 0 0
53.......... A 500 v 0c 00 0 0
54 ....... A 500 0 00 00 0 0

55. B 1,800 1, t0o 03 09 54 157
56.. B 1, 80 1,800 10 29 180 470
57.. ..... B 700 0 00 00 0 0
58 ........... B 500 00 69 100 U4 ;55
59. B 500 w00 91 190 465 46
60.......... . C 1,•3'() 1. 00 100 100 1,800 0
61.. C 1,800 1, 800 100 100 1, 800 0
62 C 700 0 00 00 0 0
63 .......... C 500 500 100 100 6m 0
64 .......... C o00 500 100 100 500 0
65.. D 1,800 1,800 50 98 900 882
66... D 1,800 i, 800 12 32 216 507
67 .. D 700 A 0w G 0 0
68... . D 500 500 02 06 10 29
68A . D 500 500 01 03 5 15
104 . B 600 250 09 28 2 79
105. . C 500 250 21 52 50 100
!31!. C 100 60 23 58 12 2I
107... .. C 200 l00 23 58 ;1 - 'A
108..... C 250 125 21 52 32 46
109......... C 100 50 IS 44 0 18
110 ............ C 100 50 14 37 7 16

.............. C 500 250 10 29 3 72

112 .. . . 500 250 03 11 8 25
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"TAT I (Continued)

,'CTION 11 A() (N) 3 S NX NZ (l-X)
PFZSEOT D EP0rOS-,t' % PRATq % aoB?. NO. DEATHS NO. fosp.

113. D 100 50 02 06 1 3
114.......... D 200 100 01 03 i a
115.. . . 250 125 01 01 1 1
116.......... D 100 0 0o 00 0 0
116A ....... D 100 0 00 00 0 0
116B .......... D 500 0 00 00 0 0
117 ............ A 2,000 0 00 00 0 0
117A ...... A 3,700 0 00 00 0 0
1ig............ A 500 0 00 00 0 0
111. ....... A 900 0 00 00 0 0
120. B 11,000 3,000 01 02 30 60
121 ... ..... B 1,200 800 01 03 8 24
122 ............ B, C 500 250 06 20 15 59

(B 250) (1:1)
(C 250)

123 ............ B, C 00 100 02 07 2 7
(B 100) (1:1)
(C 100)

124 ...... C 2,000 1, o00 05 17 50 161
125 ........... C 500 250 03 08 8 20
126....... . .. C 900 600 03 11 18 60
127 ........... D 1,200 300 01 01 3 3
128 ....... B 2,000 100 00 00 0 0
129.. ..... B, C 500 250 00 00 0 0

(B 250) (1:1)
(C 250)

130.. ... C, D 11,000 5,000 02 06 100 30
(C 7, 300) (4:1)
(D 3, 700)

Total . ........... 97,089 48,055 .. 16,572 6, 157

T&nBL XXXVIII

DEATHS AND INCAPACITATIONS AMONG US AND USSR TROOPS DEPLOYED FOR ASSAULT
ACCORDING TO STANDARD OPERATING PROCEDURE

US 30P USSR so0

AreaA I AreaB I AreaC AreaA I AreaB I Area C I Area D

Armor Present 700 700 700 700 700 700 700
Exposed ... 0 1) 0 0 0 0 0

Ki' d .......... 0 0 0 0 0 0
Hospitalized... 0 0 0 0 0 0 0
Effective ..... 700 700 700 700 700 700 700

Artillery ... Present . 5,800 5,800 5,800 6,075 6,375 6,075 6,375
Exposed........ 5, 800 2,650 2,650 165 5,975 5,775 5,310
Killed ............ 4,760 80 80 2 670 5,181 1,280
Hospitalized 1,040 334 334 5 978 72 1,751
Effective 0 5,386 o,386 6,068 4,727 822 3,344

Other .... Present 10,613 10,613 10, 613 15,070 22, 470 19, 27r 12, 570
Fxpo,-ed ...... 7,162 4,316 4, 183 695 10,630 12,780 6,725
Kil......... ... 5,109 127 165 1 2,847 5,926 665
Hospitalized 1,729 363 485 6 1,447 924 974
Effective .... 3,775 IW, 12 3 , 963 15.063 .^, 11,76 .2, 4 1 0, 03i

Total ......... Present ...... 17,113 17, 113 17, iI1 21,845 29,545 26,1345 19,645
Expo-d........ .. 8,951 6,966 6,833 860 16,605 18, 555 12,035
Killed ........... 9,869 207 245 3 3,517 11,107 1,945
Hopitf.-- . 2,769 697 819 11 2, 425 996 2,725
Effective ..... 4, 475 16,209 16,049 0:, 931 23, 608 13,942 14, 97C
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TABLE XXXIX
CASUALTY RATIOS AMONG US AND USSR TROOPS DEPLOYED FOR ASSAULT ACCORDING TO

STANDARD OPERATING PROCEDURE
(See Ftpurtzs 32 and 33)

RATIO DErINITION US RATIO USSR RATIO

I , IN PERCENT IN PERCENT

1. T.C. Total US killed P'.-d hospitalized divided by total number US personnel 28, 5
T.3 Div in divisional areas A, B, C.

2. T.C. Same s I for USSR divisional areas A, B, C, D. 17.1
T.4 Div.

3. C. Div. Total killed and hosp:talised in division divided by total nwimber troops

T. Div. in divisional area:
a) Div. A ...... ..................................... 7& 9 0.
b) Div. B .... ................................. ......... . 3 20. 1
e' Div. C .. .. ......... ........... ................. 6.. 2 46.5
d) Div. D . ......... ...... .............................. 23. 8

4. T.I. Div. Total killed and hospitalized among personnel in divisional area not in
T.I. Div. armor and artillery, divided by total personnel in area not in armor and

artillery:
a) Div. A .... . ....... ......... ...... . .. 6t 4 0.
b) Div. B .............. ... .... ........... ........... 4.. 6 19.1
c) Div. C .......................................... 6.1 35. 6
d) D iv. D ...................................... ........ . 3. 0

5. C.A. Div. Total killed and hospitalized among personnel in artillery within divi-

T.A. Div. eional area divided by total artillery personnel in area:
a) Div. A .......................................... 100.0 0.0

b) Div. B .................... .......... 7.1 25.9
c) Div. C .... ................... ....... ..... 7.1 88.5
d) Div. D ... ... .................... ................ 47. 5

Approximately.

zero. Finally, one should remember that the by the exploslca of a single 20 KT •wmic

hvpothetical weapons effects assumed here are bomb is probably about 20,000 in the situation
grossly approximate and that, within wide assumed.
limits,, no one really knows what the effect of The maximum number of hospital cases
atomic bombs on troops would be. This study which can arise from the explosion of a 20 KT
is merely an attempt to use the best available atomic bomb over USSR troops deployed in
information to estimate the casualties to be the field is probatly about 10,000 in the situa-
expected--"othtng more. tion assumed.

CONCLUSIONS The largest fraction of the total personnel
The maximum number of US ground troops becoming casua!tveQ from the explosion of a

deployed for assault according to Standard single 20 KT atomic bomb over US troops in
Opt.,-,g Procedure that can be killed by the the fiel, deployed for assault Is about 30 per-
explosion of a single 20 KT atomic bomb L cent. For USSR troops the fraction is abont
probably about 10,000 in the situation as- 20 percent.
sumed. The largest fraction of divisional personnel

The maximum number -if hospital cases becoming casualties from the explosion of a
which can arise from the explosion of a aineae single 20 KT atomic bomb over US troops in
20 KT atomic bomb over US troops deployed the field deplo:yL, for x is about 75 per-
In the field is probably about 5,000 in the situ- cerl' iii the divi&h:.':z over whose center the

ation asssumed. bomb is burst. In 2 adjvace•, divisions the
The madminwn number of USSR irfantry- fraction of personnel becoming casualties is

men deployed 'I the field which can be killed about 5 percent. For USSR troops similarly
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deployed and for a burst over a point 500 yards Expected hostile resistance. ace.
away from center of division, the fractions be- Units are distributed in depth to provide depth to
come about 50 percent for that division and flexibility of maneuver, continuity in the at- tinuiiy hy
about 20 percent for each of 2 adjacent dlvi- tack, and security. For infantry units, depth Intry unil
sions. of formation for combat rather than a wide .ther thai

The largest fraction of divisional personnel extension of front is necessary in the initial *ry in tl
not in armor or artfllery becoming casualties deployment since the progress of battle will s of ba
from the explosion of a 20 KT atomic bomb call for mmnuve.o that zannot be clearly fore- jot be clei
over US troops in the field deployed for assault seen. This condition can be met only by in- met cn
is about 60 percent hi the division over whose itial distribution in depth.
center the bomb is burt... In 2 adjacent divi-
sions this frai'tton b-comes about 5 percent. US ARMY IN DEFENSE: OFFICAL E: OFF1
For USSR troops similarly deployed and for a D
burst over a point 600 yards away from center The defense is built around a series of organ- d a series,
of a division, the fractions become about 37 ized and occupied tactical localitiec. ThE,5e ýlocalitle.,
percent for that division, about 2C percent in tactical localities are selected with consldera- 0i with ca
1 adjacent division and about 15 percent in tion for their observation and natural defen- t1d natur
another adjacent division. sive strength, so that their retention wW &r reteni

The largest fraction of divisional artillery insure the integrity of the position. The bat- osition.
personnel becoming casualties from the explo- tle position comprises a zone of resistance con- or resist"
sion of a 20 KT atomic bomb over US troops in sisting of a number of mutually supporting itualy su

the field deployed for assault is close to 100 defense areas disposed irregularly in width and Auarly in u

percent in the division over whose center the depth, each organized for all-around defense all-aroun(
bomb is burst. In 2 adjacent divisions the with trenches, fox holes, obstacles, and em- )bstacles,
fraction becomes about 7 percent. For USSR placement. Tactical unity is maintained in '1s mainl
troops similarly deployed and for a burst o% er each defensive area.
a point 600 yards away from center of a divi- A line joining the forward edge of the most d edge of
sion, the fractions become about 90 percent for advanced organized defense areas is called the -areas •s
that division, about 25 percent In one adjacent main lhe of resistance. It is a planning line Js a plan
division and about 50 percent in another adja- in fron'. of which the field artillery and other rtiery
cent division, supporting fires roust be able to concentrate. 6le to eor

US ARMY IN ATTACK: OFFICIAL The contour of the main line of resistance is the of res.
DOCTRINE thus irregular in trace, with elements on it tth eleme

sited for frontal and flanking fire. ,9 fire.Main attacks are characterized by narrow .

zones of action, strong support of artillery, Divisional boundaries are extended to the e exterdi
arraor, and nther supportýig weapons, effec- range of weapons supporting all divisional #•ng all
th~e support of combat aviation, and deep units, including that of artillery attached to .tillery at
echelonment of reserves. An average front- or supporting any divisional units on general # units o
age for the division in attack may be 5,000 outp0st.
yards. Secondary attacks are usually as- The width of sectors assigned to infantry wlgned to
signed wider zcne: of aztion than is the main units varies with the natural defensive natural
attack, with a consequent reduc t ion in both strength of the various parts nf the position;, it of the
strenngth and depth of reserves. To compen- the relative importk -.P , of the sectors; the ) the se(
sate for this lack of reserves, strong fire sup- degree of control required; the number, &d; the
port, is essential. strength, and weapons of units available; a=" jhitd avalj

The frontage assigned to any unit in an at- the estimate of enemy capabilities. The capabilhi
tack varies with: nece& '.y for coW,.•-9 and the character of I the che

The mission, mobility, combat power - fields of hie afect T•c" intervals whic-I .-- ,tervals w
the unit; be permitted between tactical localltie-s. itactical

The terrain; Some variatIon in the width of sector may !tltb of s(
Av'.abie fire support; and arise from the necessity of adjusting them to f adjustin
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fix zesponsibility for defense of critical ter- tile counterbattery fire. The echelonrky fire. The c4
rain. Economy of force is obtained by assign- limited by the considerations that theilsiderations th
ing unith in inverse proportion to the natural the artillery must be able to concent~t be able to c(
and artificial strength of the terrain. A divi- fire in rlose support of the main lineport of the ma
sion may thus cover a frontage of about 10,000 ance, that the foremost echelon can fkemost echelon
yards Thne extension of boundaries to the in tne iutiie zone, and that the rea'nms, and that the
rear is influenced by the exising road met LupprcL. the rear defense areas of t.. defense areas
and by the routes for movement within the position. The bulk of the light field %lk of the light
position, should be able to fire throughout tlig fire through,

US FIELE ARTILLERY DEPLOYMENT battle position.

The echelonment in depth of the field artil- The depth of deployment of the adeployment of
lery takes into consideration the range of the may be 3,000 yards on the offense; 4,00fds on the offesis
various weapons, the location of the taroets, in the defense-reckoned from the fireckoned from
and the possibilities of neutralization by hos- grid line.
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ATOMIC WEAPONS IN ARMY OPERATIONS

SUMMARY

PROBLEM The necessary mathematical techniques are

This paper explores the problem of the em- discussed on the basis of which continued
•_oymnent of atomic weapons in ground opera- work may be able to quantify parts of the work

tions. Preliminary determinations are sought which herein are handled qualitatively for the

relating to: most part.
Decisions which should be made now with A list of 54 targets is assessed, giving a letter

respect to atomic weapons requirements, and of merit (e, g, f, p, n, and u in decreasing order
A qualitative doctrine for atomic weapons of worth) to cach target for each type of burst

analysis, for guidance in continued work. including air, ground, underground, under-

FACTS AND ASSUMPTIONS ground with a base surge, underwater, as well

Thirteen atomic weapons are assumed to be as for radiological effects.

possible for development within the next 10 The assessment was first made regarding

years, including bombs, artillery shells, guided only the kind of tarest a. nd th•. .dam.sge which

missiles, and the superbomb, mot of which could be done. Following this an assessment

are not yet developed. Seven possibilities for of the importance of the target, as well as of

delivering atomic weapons are listed, some of the rest of the factors already referred

From apparently feasible combinations of to was made. Finally, a single letter of merit
the weapparentdy meansofdeib erymbinatoios o was assigned to each target representing the

the weapons and means of delivery, 15 atomic over-all military worth of attacking the target.

wediviuap teargetsae A qualitative descrt •tive summary is givenIndividual targets to the number of 54 are o h opst agt itd
listed aq having some importance in army o h opst agt itd
lted havio n g sRegarding both the military worth of in-
operations. dividual targets and the composite targets, the

In addition to individual targets, some com- suitability of the various kinds of bursts and
posite, targets are considered. It is assumed of radiological warfare is examined.

the ground operation zs represented by:

forces-infantry, artillery, armor, tactical air- The problem of aciuracy of delivery is re-

and logistics--tr'nsportat~cr., storage. lated to the various significant parametel3

in listing the various atomic weapons, such as target size, damage radius, and prob-

methods of delivery, and atomic weapons , ability for a given percentage coverage.

tems, the pertinent characteristics of each are A synthesis of the various considerations is

given and ssible time schedule for develop- finally achieved which allows a selection of

ment is forecast for the dates 1950, 1951, 1952, those atomic weapons needed for ground oper-
1955, and 1955-1960. ltfrý -s.

u...... cf -rportance in determining The work represented in this up:a: d quail-

the military worth of a target for atomic tative and, hence, subject to revision as meth-
weapons are listed and discussed. o00 which are more analytic in nature are ap-

Two principles are stated: one refers to the plied. Nevertheless, several conclusions ran

desirability oi studying only planned targets be stated a n d the ne-.ess•v for or nuue d work

and of not studying targets of opportunity as cefn be iJeined.
such in this paper; the other is a principle Appropriate mathematical formulation can
-1f dispersal wherein benefit fiom dispersal is and should be developed for the spcial prob-
offset by loss in effectiveness. lems imposE:. 'y the use of atomic weapons.
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No adequate solution to the general prob- A field artillery shell of 1 KT energy is not
lems ztudied here can be obtained without a as good a weapon as a 20 KT bomb, as con-
very careful and detailed analysis of corn- cluded frow accuracy and damage considera-
plete tactical situations wherein all the corn- tions, and aside from considerations of
ponents of means availaole and opposed are weather and deliverability in general.
represented in sufficient detail to allow all the An 80 KT bomb is much preferred to a 20
damage of 'arious kinds to be integrated. KT bomb for various targetr

CONCLUSIONS The effect of superbombs on ground opera-
Artillery, infantry, and tactical air are suit- tions is problematical, Wough potentially the

able targets for atomic weapons, in tnat order resultant destruction is so great that its use
of suitability. Armor (manned tanks) may would revolutionite ground operations.
be included as a result of current studies. RECOMMENDATIONS

Logistical targets are not suitable targets RECO effNctIonS
'or planned attacks with atomic weapons. The effect of an undergror expiation
Ports may be an exception, should be determined without de),4y.

The air burst atomic bomb is an excellent An atomic warhead .;.d an appropriate vehi-
weapon for many types of targets of impor- cle such as Hormes A-I or Corporal 2 should
tance in ground operations. be developed for use, ff possible, within a year.

There are, however, P-everal important tar- An atomic warhead for an artillery shell is
gets for which an air burst is not suitable. probably a very good interim weapon for use
Some require a ground or underground ex- in ground operations and should be developed
plmton. without delay.

Underground or underwater bursts are im-
portant. The actual effect of the former Is A superbomb should be developed without
not now known, but if predictions are correct delay, but work upon such a new development
the underground burst may be better than the should not interrupt nor interfere with the
air burst for many targets, continued development of fission type atomic

A guided missile giv'ng much greater ac- weapons.
curacy than that of present radar bombing Use of large quantities of atomic weapons
would cause greater damage to many types of in all large scale ground operations should
targets, but not to all. be planned.
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ATOMIC WEAPONS IN ARMY OPERATIONS

INTRODUCTION The purpose in the piesen. study is to take

Much already been written on the sub- count of the Information already available

ject of tactical employment of atomic weaposu. and then to explore the possibilities for more

Early in 1949 a paper entitled, Tocticwal Em quantitative analysis. It is proposed to set up

Ealoyment of the Atomic Bomb, was written i techniques for analysis, giving some. evidence
theArmy Field Fore s -to which, among other of the value of the techniques and to indicate
the Army Field Forces in Wong War the scope of the work which still remains to
things, it was emphasized that in World War b oe

II several concentrations of military personnel be done.

offered good targets for atomic bombs. A It is preferred in this study to discuss in
short time later WSEG (Weapons Systems general the use of atnmic weapons in all
Evaluation Group) Staff Study 1 entitled, A ground operations. This subject thus differs
Stu.dy on Tactical Use of the Atomic Bomb, from what is ordinarily indicated by the topic

pointed out other suitable situations in World "tactical employment." There are two ma-

War II in which the atomic bomb could have jor questions of current importance:

been used, such as concentrations of ships, 1. How many atomic bombs should be used
landing craft, aircraft, and supplies. and em- in support of ground operations izz contrast
phasized the aecessity for re-examination of with those used for "strategic" bombing?
many tactical situations for possible employ- 2. What new atomic weapons should be
ment of the atomic bomb. developed?

At approximately the same time, Sandia These two questions which have separate sig-
Base of the AFSWP (Armed Forces Special niflcance can be restated in terms of a general
Weapons Project) submitted SB/15-TS-1615 requirement for groi nd operations as: On tLe
entitled, Employment of Atomic Weapons basis of their necessity, suitability, and effec-
Against Various Types of Targets. In this re- t)-eness, what family of atomic weapons
port an extensive analysis of atomic weapons s. 'uld be developed for ground operations?
effects is given, as well as a rather thorough In -'onsidering this question, the atomic bomb
Lhough qualitative &iialye-s of effectiveness in its present form should be weighed heavily
against many particular targets. Also, in the because it is the only weapon in being. How-
same report there is presented a qv.lttadv ever, it is judged that the most suitable analy-
analysis of the .ffect on various kInds of tac- sis for guidance in weapons development is one
tical situations such as troops in the open and which impartially regards what is possible
under cover, rapid breakthrough, river cross- and necessary to bj"ai ir .he luture in addi-
ings, air formations, air bases, naval targets, tion to that which is now available. Accord-
amphibious forces, and airborne assembly ingly, the present study will consider all pos-
areas. Currently in proc-sss is an analysis In sible atomic weapons, and will attempt to fore-
the Air Intelligence Division, USAF, entitled, cast the atomic weapons system. - hich are
Tactical Targets Suitable for Attack with Air- posble of deveiopment by 1950, 1951, 1952,
Burst Atomic Bombs. This study will assess N955, aud 1955-1960.
the damage which can be done to various Of those atomic weapons which mlgbt be
types of tactical targets. 7This latter anrlyy!L ft.'l!oped. a selecti.oa nl.-s, ye - aide on the
is understood to include only targets which basis -. atility. This is , p:rdtg'.as task.
would be in rather pErmanent physical being Even though the atomic bomb has been
ir. contrast to the targets presented by maneu- "lived with" for several years and has become
vening soldiers and c.,itpment. commonpLre to a degree as a result of on-
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siderable warranted as well as eome erroueou; thc next few years, is the knowledge of atomic
It is itill by far the most potent weapons developmer,.'s and pobsible methods

weapon ever developed. its eff,-ct being mul- of delivery. The analysis presented here,
tlple and its beivg Pi unprecedknt,!edy a large therefore, includes separately those atomic
aiea weapc.n, the puooberr, ot target analysis weapons and those methods of delivery for
is extremelv difficult. The initial attitude which there is assumed to be a reasonable
here will be: if ncossary sm atomic weapon probability of development. F')llowing this,
can be designed to desroy almost any target- the possible weapons systems are proposed.
certuinly all those any previous weapons have
been capable of dest-roying. .kideed, part of TYPES OF ATOMIC WEAPONS
th-. problem of deslgrn:rg appropriate weapons An exhaustive list of possibilities for atomic
I'r ground. operations is in assuring that cer- weapons Is not attempted here. Rather, later
tain targets mW not be destroyed, I.e., friendly ir this paper. the need for certain types of
troops. Def•ing a =t~Mcieptly inclusive tar- weapons is discussed and the list given in Table
get complex for atomnc wea-pons is again dif- XL merely anticipates the needs of the subh-
ficult. A siuperi'bmb (presuming such car, quent target analysis.
and wili be developed) is capable in some cir-
clunstances of putting an entire army out of METHODS OF DELIVERY
action. This Is demonstrated by the fact that There has been considerable reluctance in
in World War II the US First Army at several reports already written to Include for consid-phinses of its operations in the European re ot le d w i tn t nl d o os d
pThester wo t composed of 8-1 divisinh auong eratlon an atomic warhead on a guided missile.
Theater wr ont sed ofu8- d ihvebeeons along This tendency apparently results from a gen-
a 20-mile front. and could have been almost eral belief that neither the atomic warhead
completely deatroyed by one superbomb. In nor the guided missile will be available for
contrast, a single bridge or tunnel or corn- many ypArs. There is a growing conviction,
nand post may become of sufficient impor- however, that if there is sufficient necessity

tance In the course of action to warrant the such a weapon could be obtained in one year.
use of an appropriately designed atomic Corporal E and Hermez A-1 which are listed in
weapon. A decision that an atomic weapon Table XLI are in this :ategory. Certainly thi.
should bc ,used against any particular target guided missiles which may be available in five
must consider many factors. An attempt will years will have better characteristics, but the
be made in this study to take into account all anticipated characteristics of b ,h Corporal
these factors. It will not be possible, of E and Hermes A-1 make them acceptable as
course, to give a final analysis here. It is carriers for an atomic weapon of the modified
thought, however, that a rough analysis will LC type.
be profitable in defining the problem for f.
ture work and , I also Inoicate zome Impor- ATOMIC WEAPONS SYSTEMS
tent preilminary conclusions. Much detailedtan prlftft~xy onlusons Muh dtaied If the atomic weannns -which can be as-
analysis which has never been done, can and If the aosic of dhich c n besumed to be possible of development in the
must be done before a complete evaluation is next few year, are correlated with the develop-
possible. This paper will inspect the pos- ment of methods of deivery, the possibilities
sibitles for such analysis. tor weapons systems can be outllb. Table

WEAPONS SYSTEMS ANALYSIS XLII lists 15 different weapons systems. A
fi-al selection of the best weapons. systems

The one available atomic weapons system is from this list cannot be made until after P
that used against the Japanese, an air burst ect-isideration of the !rget syate!I. -, the next
atomic bomb delivered on the target by air- section. it is apparent thut a deciý.. a to put
cra.s. Requisite to the tabulation of this ex- atomic warhe-.cs on guided missiles would be
isting weapons iystem and those that can be made primarily to obtain greater accuracy
assumed to be rossib)e ca" development within than is obt.&--able in high altitude bombing.
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TABLK XL

ATOMIC WEAPONS ASSUMED POSSIBLE OF DEVELOPMENT WITHIN THE NEXT TEN YEARM

POSSIVLX F: Ir8I POSS•L][ STlMATflD I
MISSILE TYPE EiNEROY IN KT KINDS OF BUTTMATA- REMARKS

13URST ASIUTYL
, ~ABILITY

1. Bomb 40 Air Now Only airburmi type used a.'d notr avaiJlbie.
Ground

2 Bomb 20 Air Now Considered obsolete.
3. Bomb Ground !95O Peuetntiiig weapon. Not tertcd but ca&rumed

Underground effective. Underground efcPt not yet de-
Underwater termined.
Air

4. RW (Bomh or Shell) Air 1950 Small quantity available almost immediately.
Larger quantities brelieved possible. No de-
cision to make in large quantity (I Janu-
ary 1950).

5. Bomb Higher than 11 Air 1951 Improved type.
Groond

6. Guided Missile Air 1951 No decision to develop 1,1 January 1950). To
Ground fit on Corporal E. H-lermes A-I or Hermes

A-3.
7. Field Artillery Shell Low Air 1951 No decision to develop (1 January 1950).

Ground Flied in 280 nmm howitzer like T-29.
8. Bomb Ground 1951 Possibly using je. assists to penetration. No

Underground plans to develop (1 January 1950).
Underwatcr
Air

9. Superbomb Air 1955 Status not known (1 Jauuary 1950).
Ground

10. Super-Guided Missile Air 1955-60
Ground
Underground
Underwater

11, Superbomb or Super- Air 195F-4.rl0
Guided Missile Ground

Underground
Underwater

12. Field Artillery Shell Higher than #7 Air 1951
Ground

13. Guided MisWje Air 1955
Ground
U~derground
Underwet•r
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TA.LE XLI-METHODS OF DELIVERY OF ATC 1'IC WEAPONS

METHOD CARRIER MAXIMU ACCURALY IE=TMTD REMARKS

I AVAILABILITY

males feet1. Airplahe B-2q .M'oret•hat: 1,500 (cpe) Now Accuracy is understood to be controversial.
R-36 5,000 visual
tB-50 3,000 Cepe)

2. Airplane Drone (Heavy ... Not known Not known Availability is estimated here as 1950 but
Bomber) no pLans are referred to.

S. Field Artillery T-29 25 900 1951 Conventional shell weight approximately
range pe 400 lbs. Not yet test fired. Caliber
estimated 280 mm.

4. Gu!ded Missile Corporal E 80 (ap- 1,000 (cpe) 1951 Remaining develcpment work required on
prox.) estimated guidance system only. Guidance to be

%I proved in fall 9n
5. Cuided Missile Hermes !-1 30 (ap- 300 (cpe) 1951 Current estimates 12 months developm, nt

prox.) estimated time for guidance system.
6. Guided Missile Hermes A-3 150 200 (epe) 1955 Planned. o:tr.d nther guided missiles

estimated are also under development.
7. Guided Misile ........ .. More than Better thsm 1955-1960 Must carry atomic warhead. No known

400 .)0 epe plans to develop.

TABLE XLII-POSSIBLE ATOMIC WEAPONS SYSTEMS

ESTIMATED METHOD OF DRLAVERY ACCURACY ATOMIC WEAPON ENERGY IN IT TYPE Of BURES

AVAILA •rITY IA'EI I
miles pet

1. Now Airplanp More than 1,500 or Bomh Up to 40 Air
5,000 3,000 cpe

2. 1950 Piloted airplane or Less than Bomb Up to 40 Air
drone; low altitude 1,000 epe

estimated
3. 1950 Airplane More than 1,500 or Bomb Ground

5,000 3.000 epe Underground
Air

4. 1950 Airplane More t.an 1,500 or RW Air
5,000 3,000 epe

5. 1951 Guided bomb on air- . .. Less than Bomb Up to 40 Air
plane 1,000 epe

estimated
6. 1951 Airplane Moretl'pn 1.5(i) or Improved Bomb Higher than #1 Air

5,000 3,000 epe
7. 1951 Field Artillery 25 900 range pC Shell Low Air

estimated
8. 1951' Airplane More than 1,500 or Bomb ............. Ground

5,000 3,000 cpe Underground
Underwater

9. 19hi Guided Missile 75 (ap- 300 epe Bomb Warhead ... Air
Hermes A-1 prox.)

10. 1951 Guided Missile so (ap- 1,000 epe es- Bomb Warhead
Corporal E prox.) timated

11. 1055 Airplane More than 1,500 or Super .. Air
5,000 3,000 ope

• 1955 Guided Missile 150 200 epe esti- Bomb Warhead ....... Air
Hermes A-3 mated

,. 1951 Field Artillery 25 900 range -e dhi 14;.
estimated

1955 Guided Missile 150 200 epe esti- Bomb Warhead Air
mated

15. 1955-60 Gu.•ded Missile 400 200 epe esti- Super .... Ar
matedJt diet

'Jets for additional pVnetration.
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TARGET SYSTEMS ANALYSIS involved in the decision to employ an atomic
Analysis of target systems to determine their weapon against a particular target. T he most

suitability for attack by atomic weapons is a important of these factors are listed.
very difficult task. It has been pointed out 1. Size and nature of target;
that the target comp'9x, depending on the 2. Effect desired;
type of atomic weapon or the tactical conflgu- 3. Delivery: means, accuracy and counter-
ration, may be considered to range from an measures;
entire army down to a single relatively small 4. Importance of the target to tUe military
target such as a ship, a tunnel, or a depot. operation;
What is the effect of specific damage on the 5. Danger to friendly personnel or equip-
capaciLy of an army to fight? What decrease meint;
in effectiveness accompanies any specific frac- 6. Coordination with scheme of maneuver;
tional loss in infantry, artillery or supplies? 7. Availability of atomic weapons;
Will there be a psychological reaction to the 8. Other means of neutralizing targets;
use of atomic weapons in the field which will 9. Other ýpossible, current or future uqe of
be even more impoitant than the physical atomic weapons;,
destruction? These are all exceedingly dlif- 10. Expected enemy reaction;
ficult questions to approach. Nevertheless, it 11. Political conslderations.
is believed that any an-alySis which does not Together these factors may be said to de-
give some kind of reply, however qualified, to termine the "Military Worth" of the target.
such questions is not adequate. It is neces- Consideration of these factors will indicate the
sary to show the relationship between specific complexity of a consideration to use atomic
damage to personnel or equipment and the weapons in the field. The size and nature of
military capability of the entire unit. The the target (1) and the effect desired (2) are
saturation type of operation would simplify the prime factors in any andysis of the effec-
tUe analysis. That is to say, if all the infan- tiveness of a particular weapon against a par-
try, or all the long range artillery, or all the ticular target. As a first attempt at evaluat-
tactical aircraft, or all the food could be de- ing the usefulness of atomic weapons, an an-
stroyed, the fighting potential of the unit could alysis based upon, rnly these two factors 1 as
be evaluated more easily. It is possible that been made. Such an analysis involves an
atomic weapons may be shown to be adaptable understanding of the phenomenology of vari-
to attacks of this kind and the appropriate ous types of atomic bursts and an estimation
analysis should be considered very profitable. of the effect of theso pVi.7,,mena on the par-

It is not Implied that such a comprehensive ticular targets. The more complete analysis
and detailed analysis has been completed. also presented in this report evaluates, where
Rather, since such analyses are a vital ne-es- possible, not only the weapons effectiveness
sity to the mont thoroug._ apprecintion of the but all other factors.
position of atomic weapons in army opera- The importance of the target (4) Is -deter-
tions, a beginning is made toward this end. mined not oney by the intkinsic nature of the
A preliminary analysis has been made of a minet bot o sce by the patu lar
number !)' individual targets, and this has target but in most cases by the particular

bto analysis of the effects on a situation. If It can be stated axiomatically
been extended ts.analys fro m the se be- that a certain target of a given Aize or dollarfew composite targets. Even from these be- value i lassgiiatt ;_•ceso

ginnings, specific conclusions may be reached is always significant to t1__ access of

as to the requirement for weapons with in- ground operations, then that target is impor-

crawaed accuracy of delivery (against indi- twint bcause of Its intrinsic value. There

vidual targets), and the effectiveness of the will, however, be many cases in which targets

weapon against some composite targets. mpo-fltt e in a par Ac ui:' situ .' .n as, for

FACTORS IN EVALUATION instance, the now classic example of Remagen
Before attempting an analysis of targets Bridge. Certainly no caegorical statement

systems it is appropriete to consider the factors can be made as to the relative importance of
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targets unless the effect on the operation is some targets. A fleeting target set up mo-
shown. mentarily in the course of events is certainly

The atomic weapon has such a large damage such a target. Howevcr, infantry maneuver-
area that any gTound operations will have to ing in the field need not be classified as a tar-
be extremely well coordinated, not only to get of opportunity if it is not necesfary to
minimize the danger to friendly personnel and know their location very accurately. If it is
equipment (5) but also to fully exploit the a sufficiently permanent target and if intelll..
havoc wrought upon the enemy (6). The de- gence of its existence is available for planning
gree of the coordination required is closely as- purposes, then it would not be so classified.
sociated with the means and accuracy of de- If, however, the existence and description of
livery (3) since the accuracy determines how a depot or dump becomes known during the
close to friendly positions the weapon may be battle, it probably should be considered a tar-
used as well as the probability of destroying get of opportunity. The suggestion in stating
part or all of the target. the above principle is not that targets of oppor-

Of particular significance in the employ- tunity are unimportant; they may even be •e-
ment of atomic weapons is the problem of pro- cisive. Planning. however, cannot reliably
curement (7) considered in conjunction with anticipate their importaze and this paper will
alternative uses of the weapon (9) and alterna- not be concerned with such targets. Further
tive means of neutralizing the targets (8). In work will consider targets of opportunity so
this connection it should be fully appreciated that a family of atomic weapons can be pro-
that atomic weapons are expensive and not posed having versatility necessary to allow
available in unlimited quantity, thus the de- their use on such targets.
cision to use them must consider the factor of 2. Defense against atomic weapons requires
supply at the particular time and place as well dispersal of or more protection of personnel
as the economics of neutralizing the particular and facilities. This doctrine for defense
target by other means. On the other hand, against atomic weapons has been established
initial consideration of the employment of for some years. Two questions must always
atomic weapons should not be limited by the be answered: What dispersal is necessary to
actual current availability of weapons or fu- reduce the calculate 1 risk acceptably? How,
ture production plans. Rather, a benefit of much and what kind of dispersal is possible
analysis, unrestricted in this report, may be to without reducing the effictency of the organ-
influence planning for production. ization? The doctrine of dispersal is danger-

The reaction of the enemy to the use of an ous in application unless It can be quantified
atomic weapon (10) must be appraised to the with respect to calculated risk and loss in ef-
extent that his alternative courses of action ficiency. In the present work very little at-
may be anticipated. Also unavoidably L tention can be given to the ef-ect of the use
volved are subsh ouent pOiicab cdnsiderations of atomic weapons on tactics. Continued
(11) both at home and abroad, work must take this into account so that
CLASSES OF TARGETS weapons will be plannect as much as possible

Shoul' ift be so desired, an atomic weapon for the operaticns anticipated for wars of the
probably could be designed that would destroy funtre.
any particular target. This, however, is not 'or the present purpose "planyed" targeLd
advisable, and It is the purpose of this report are considered a? being in one -.% wvo cate-
to propose a family of atomic weapons most gories, either individual targets as entities,
suitable for ground operations. or in conjunctlon with other individual tar-

Two important principles will now be stated: gets constituting a composite ta':get.
1. Tactical planning in advance of the individ,-? Tarqcts.- L" the pwDose of this

battle cannot evaluate the importance of tar- report an L-adividual target may Wo ueflned as
gets of opportintilty. Although it is difficult the smallest entity of defined characteristics
categorically to define a target of opportunity, and limited dimensions which needs to be con-
it is sufficient for the present use to mention sidered fro.-. the point of Niew of analysis. A
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list of individual targets, i.e., air fields, mar- MATHEMATICAL TECHNIQUES
shalling yards. ports, bridges, depots, dumps, OF ANALYSIS
staging areas, and tanks, which are common Reasonably rigorous mathematical solutions
in military operations, has been assembled are required in certain phases of the problem.
and analyzed in the ligl ' of the consideration Reference to the list of eleven factors shows
involved in the employment of atomic weap- that it is only remotely possible to quantify
ons which have previously been discussed. some of the factors and thr.,,,. in general, 't

It becomes oppaient from the definition of will be very difficult to associate all the fac-
an individual target and the probable capa- tors in a quantitative fashion. However, many
bilities of conceivable atomic weapons and factors are quantifiable and it is a purpose of
weapons systems that most such targets could this paper to outline some of the techniques
probably be destroyed. However, of greater which may be utilized or which would be de-
consequence than the destruction of a single veioped.
individual target is the analysis of the effect Although much work has been done in the
of the loss of such targets on all army opera- past on statistical analysis of conventional
tions. weapons systems, atomic weapons require

Composite Targets.-In general, composite much additional analysis. T'his results pri-
targets consist of a number of individual tar- marily from the cost and availability of atomic
gets which may be grouped into categories weapons as well as their large destructive area.
according to some common characteristics. Thus, one is extremely careful to determine
Thus, one may think of composite targets in the certainty of results when using even one
terms of the organizational structure of the atomic bomb, and when more than one is re-
army, the functional structure of operations, quired (by the size or importance of the tar-
or possibly in terms of specific type targets, get) similar caution is taken to minimize the
i.e., personnel and buildings. Atomic weap- possibility of overlap. This is in contrast to
ons produce damage areas so large that while the statistical problem of neutralizing a largc
assessment of damage to individual targets is target with high explosives in which the prob-
requisite as a first step in analysis, the more ability of damage Ms the prime concern, and
dhfflcult task is to associate the damage to in- with little regard fo overlap a sufficient num-
dividual targets into an integrated figure of ber of bombs is dropped on a target to bring
merit which may be used to interpret the over- the probability of destruction up to a required
all importance of the damage. value.

In considering atomic weapons, the analysisSignificant also is the effect of atomic weap- must take into account at least four situa-
ons upon the functional structure of the army. tions:
This structure may be approximated (in its

aspects of slgr 4llcancc fcr this purpose) by 1. A single bomb is expended on a single
the following: target.

1. Forces- 2. Several bombs are expended on a single
a. Infantrce target.a. Infantry, 3. One bo~nb per target is expended on each
c. Amrtillr, of a number of targets.
c. Artillery, 4. Several bombs per target are expenacd
d. Tactical Air, on a number of targets.

2. Logistics- In situation 1, the decision to use one atomic
a. Transportation, v,,Apon on one target would no doubt be made
b. Storage. only if a very high probability (perhaps 90 to

Starting with an analysis of the individuai 95 percert)existed for tusing r-iouisite dam-
targets which comprise the preceding elements age tu the target. That as to scy, t'he corn-
of a ground army, it is possibl to estimate mander typically will say here is a target which
the general suitability of each for attack by is of sufficient importance to call for an atomic
atcmic weapons. bomb but ý.,ly if there is a very good chance
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that this one bomb dropped cn the target will age Distribution) but not for multiple aiming
do the job; otherwise, some other weapon points. Trhe latter, however, is again a spe-
should be used. L' is likely that many targets cial case under situation 4.
will be in this category-worth one atomic TARGET ANALYSIS
weapon but no more. INDIVIDUAL TARGETS

Distinguishable from this is situation 2 in A A targetS
which the target is important enojugh to re- As a first step in target analysis a qualita-
quire more than one atomic weapon. Several tive examination has been mad,- of various in-
cases can be imagined. For example, a target dividual targets and the results are shown in
is of such a size that one atomic weapon fail- Table XLII. Sueh a procedure is profitable
ing at the proper place will knock it )ut but to compare the results with other similar re-
v, ith a probability of only 5 percent. How- ports, to serve as a guide to more quantitative
ever, the probability is better than 9 percent analysis and, finally, to allow a current esti-
that any one of three bombs aimed at the mate of the need for developing certain weap-
same point will do the required damage; and ons and weapons systems.
the commander says it !s worth three bombs. Referring to the list of factors in evaluatio.,
Another example is a target so large that one an estimate has been made on the basis of 1,
bomb will under no circumstances do the 2, and 3 only of the damage to the target--
requisite damage. If the target is worth sev- assuming the weapon is proverly placed--of
eral bombs, they can be used. various types of bursts and is called Weapons

In situation 3, suppose there are 50 mar- Effectiveness. A separate estimate, made with
shalling yards and 25 such yards knocked out principal concern for factor 4, and with some
warrants the use of 50 atomic bombs. This is concern for factors 5 to 11, has been called
again recognized to be a different situation Target Suitability. It is assumed here that
for if one atomic bomb could be dropped on all the weapons and methods of delivery in
each target, even if the probability for hitting Tables XL, XLI, and XLH are available. The
each target were only 5 percent, the over-all weapons system required for each target will
probability of hitting 25 or more targets would not be stated initially
be high. The list of targets is not exhaustive. It

Situation 4 requires the most general sta- does, however, include all the targets analyzed
tistical treatment. Much work has already in all other reports which are pertinent to the
been done to treat the case of several atomic present analysis.
bombs dropped on industrial areas. It is In Table XLIII under atomic weapons ef-
understood, however, that the necessary fecthveness, the type of atomic weapon con-
mathematics has been developed only for a sidered is indicated at the top of each column.
single aiming point. The more general situ- The letters used represent the following types
ation hi which zeveral .atmic wr-apcns are of weapons:
aimed in a pattein is of great importance, par- Letter- Type of Weapon
ticularly for a consideration of the utility of A . Air Burst (more than 3W0 yards above surface).
guided missle weapons systems with a range.. Ground Bdrst (immediate vicinity of ground).UG... Underground Burst (without surge).up to 150 miles, which are purportedly much UGS.. Undc-6round Burst (with surge):
more accurate than high altitude bombing. It will be assumed here that an underground

A separate mathematica1 formulation is not burst will weaken the sub.tructure ant
necessary for each of these four situations give an earth displacement _; - will de-

discussed above. Situation 1 is a special case form the ground over a large area.
dlw.. Underwater Burst (with surge):of situaiion 3. Figure 34 indicates the kind In this E Jinysis all references W an under-

of analvsis which is profitable for situation 1 water bust in which the target is not
for .937 probability (2 circular probable error). obviously ,..,ed rcar -"aeic.,' water
A cotpir7fe ____!Q'Q of this type is n progress to produce this i i, not -'.plicable.

inthso e. tation in prgresy bObviously a few situations may arisein this office. Situation 2 has already been where this is not true, but these situations
analyzed for the cats of a singie aiming point 1P :1 im u the minorty.
ýRANLD Report r4-16&, Yfirrmtrcai Bomb-Crve-r. RW. Rt4-'•logical Muniti,n-.
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The various clas.si.rget impor- tions Research Office have the same signifi-
tance and weapons effectiveneson the target cance as previously described for Table XLIII.
are given below with the symbol used in the The targets in Table XLIV will be discussed
analysis. very briefly in explanation of the assessed

Symbol Cassifiuitn military worth.
e . excellent FORCES-INFANTRY
g ......... good
f.......... fair Staging Area for Airborne Assault.-.An "ex-
P. .... .poor cellent" target. for an air burst atomic weapon,
n. .. no good not only because the infantrymen would be
u not applicable concentrated in the open but because of the

In Table XLIV a single letter of merit is potentialities of this group if allowed to em-

given which is the letter of merit for target bark on the offensive. A base-surge-forming
suitability multiplied by the letter of merit for underground burst is "good" even though the
weapons effectiveness (both from Table thermal effects are nil and the blast a:ea is

XLIII)., The product called "Military Worth" far short of that of an air burst because the

is obtained according to the following sched- highly radioactive surge is compensatory.

ule: Airheads.-A "good" target for an air or
ground burst atomic weapon, since it is ex-

e.e=e trernely vulnerable and important. Some air-
e.g-g craft and supplies will also be affected al-
g'g=g though the functions of the airhead may be
g.f=f resumed a short time after the burst. Ang-f =f

e.p=f underground burst with surge is also "good"
f.f=f because of the cratering and contamination
g.p~p effects. In any case, a time element is in-
f'p=p volved since an airhead would be of Impor-

n or tance for several hours at the most.
Staging Area ) r Amphibtous Assault.--An

Table XLIV also lists f,.r comparison the "excellent" target for either an air burst or
results of the Air Force Intelligence 32 and underwater burst atomic weapon. This tar-
Sandia Base 33 studies. This Is not a fair get is indicative of a concentration of infant7
representation of either of these reports since for an offensive. The underwater burst would
it was necessary to change nomenclature in have some limitations as the prevailing winds
some instances. It will be noticed that. there would have to carry the contaminated surge
is good agr, •ment between ihese analyses. material over the staging area.

Symbol Su:tablhi Amphibious Landing.-The considerations
1. Air Force..... d ........ doubtful involved here are !4entical with those of an

s.. ...... suitable amphibious assault staging area.
u ... '.... unsuitable2. Sandia Base.. d ......... doubtful Billets.-A "fair" target for an air and

Y ..... yes (suitable) grO" .±d burst or an underground burst with a
no no (unsuitable) slgt. A reasonable concentraiton of troops

siust be found, if not in tha ,p:pn, at least in

The letters representing weapon types and structures which are vulnerable to air or
the symbols of the various classifications of ground burst weapons. The underground
military worth used in the analysis by O ra- burst with suri would have less destructive

can•,.1y, but wculL vtke a ,vrge area unuse-
able.

Tgctcz Ta'gets Su.....c•.r Attack tth Ar- ~Command Posts.-A "good" target for an
Burst Atomic Bombs (Unpublished).

Employment o! ,.vi.,c Wcapons Against Various underground burst atomic weapon, preferably
Types of Targets. with a 'ase surge. While the personnel in-
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TABLU XLIII
INDIVIDUAL TARGET EVALUATION

TARGET'n ATOMIC WEAPONS ZrFEC•?V.NEsS IECTIVRSNU

TARGETS SUIT- TYPE OF RURST UST
ADI-UTT A G U I UGSIUW IRW GS I Uv

I. Forces:.
#. Inf.ntry"

I Sutging Area for Airborne Assault e e. f i f
2. Airheads ......... g. eg p P u p u
3. Staging Area for Amphibious As-

Sault.................... e e g p f c f f
4. Amphibious Lfnding . .. e e g p f o f e ,
5. Billets ......... ... . . f e g p g u f g u
6. CommandPosts2 e a p g g u n u
7. Defiles (Troops) ... e g f f g u p u
8. Fixed Fortifications .... .. e n n f f 'I n g u
9. Infantry (Attacking).. ....... e e g p f u P • u

11. Infantry (Defending light fortifica-
tion) .. ....... e f u

II. Troop Assembly Areas .. e f p u
B. Armor:

1. Tanks .............. e f g u u f u
C. Artillery:-

1. Artillery, manned C e p e f U f u
2. Artillery, equipment.. ....... e p f p p u n u

D. Tactical Air:
1. Airfields ... ..... e p u n g u

II. Logistics:,
A. Transportation:

1. Barge Concentrations ........ a p e u u n t e
2. Canal Locks............ ..... g p p f p n f p
3. Highway Bridges and Viaducts e p g g g it g 9
4. Highway Right of Ways .... n n p p p u n u u
5. Motor Vehicle Repair Facilities p e f p f u f U
6. Port Areas s ...... .... e f p p p f n f
7. Railheads . .. .. n n n f f u n u
8. Railroad Bridges and Trestles .... g p g g 9 u n 9 u
9. Railroad Maintenance and Repair

Shops... g e p p p u n u
10. Railroad Marshaling Yards. p p f u G 1 u11. Railroad Right of Ways . ........ n n n f f U n u

12. Railroad Transfer Points ..... f p f f u
13. Shipyards, Nova! Opc-atog Bases. 9 e p p P p p14. Tunnels .... .. . ....... q ni n g 9 u
15 VWhielpA itridRalinm-,nA' •t,

Areas. . .............. p pg f u
G. Storage:.

D, Amep_•unition Depot. p V f f I n u
2. Gas Dumeo (POL)i ). p e e e a u P
3. Ot Refineries.. e f p 9 d P • U
4. (,'i Storp6e Tanks. .. g e f g g 11 n S$ 1
5. Pipolipo~g and Pumping Stations.. p n p v p u n P u
6. Port Depots . .. . .. e p n P p f a 9
7. Reservoirs and Aque!LuL p n p g 9 It n g n
8. Solid Fuel Storage .... . .... p p p p p u n u
9. Supplltz, General (Dum•s and

Depots. r e f u
10. Supply Depots (Military) e f 7) f f f it

6ee Footnotes at end oc" Table
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TAzLa XLIII (Conti-ued)

TAR3T? 1 ATOMIC WEAPONS xFFECTIVENZ8S

TARSGT SIAnT- A TYPO OF BURST
iNTUTYI A G IUG iUGS uw :

Il1. Miscellaneous:
1. Cities. Towns and Built-up Areas ..... e g p f u
2. Communication Center (Surface) ..... n e g • u
3. Dams and Levees .................. g a p p p a
4. iHeadquarters and Camps ............ . a f p f u
5. Mineable Areas .................... n. n n n n u
6. Power Plants, Hydroelectric ......... Is p p g g n
7. Power Plants, Thermo-electric ......... f p g g u
8. Radar Sites ........................ n I g e 0 u
9. Rocket Launching Sites ............. n n n n u

10. Seaplane •Lases ..................... • if p p f f
11. Submarine Pens .................... • e n If f I
12. Submarines, surfaced ............... p I f e u 11 e
13. Submarines, submerged ............. p n n u u •
14. Transformer Substations ............ n V L g g iu

'Estimated in agreement with CGSC, Fort Leavenworth.

SApplies equally to Armor, Artillery, et cetera.

'Because of the complex nature of port functions, the effect of atomic weapons Is controversial. The present a
is not final.

TaaszL XLIV
TABULATION OF ESTIMATES OF THE MILITARY WORTH OF TARGETS

OnOANIZAT•4Ol

Air -andia Operations Reqeareh OfficeTAROZT Forces

TYPE WEAPON

A A IUW IRW A 1 uo U Us uw;

I. Forces:
A. Infantry:

1. Airborne Assault Staging
Area .................. y y y a s 9 a n

2. Airheads ............... d d a d 9 g p g n
3. Amnhibic'; Av..ult Stag-

ing Area ............... y y y 9 g f f e
4. Amphibious Landing.... d y y y e g f If a
5. Billets ................. d i d .. v f p i u
6. Command Posts ........ d y f g g n
7. Defiles (Troops) ....... d d d * f f 9 n
8. Fixed Fortifications...... u d d y n n f f n
9. Infantry (Offensive)..... d n y • g f f a

10. Infantry (Defending !t:;
fortification) ......... d n y f f f a

It. Troop Assembly Areas... a y .. y a f f f n
B. Arw wr:

1. Tanks .......... ...... .1.. .. f n
C. -.rtillery:

1. Artillery (manned) y v y f g
2. Artillery (equipment) ..... f f 1 I

D. Tactical Air:
1. Airfields ............... d y f f
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T.tBLX XLIV (Continued),

I OROANIZATTONZ

Air TASandia Operations Rcaearch OfficeTARGET oe

TYPE WEAPON

-___ __ A UW RW A I G UG I UCS I UW RW

Ii. Logistics:.
A. Transportation:

1. Barge Concentrations d n n n n n n
2. Canal Locks ........ u d d d p p f f p n
3. Highway Bridges and Via-

ducts............ u d d d f g g g n n
4. Highway Right of Way. u d d d n n n n n
5. Motor Vehicle Repair

Facilities .... ..... f p p p n p
6. PortAress ......... y y y f f f f f n
7. Railheads ......... n n n n n D n z n
8. R illroad i,,dgeio and

Tr.stles.. ......... u d d d p 9 g g n n
9. Railroad Maintenance

and Repair Shope s. g p p p n n

10. Railroad Marshalling
Yards s n n n p p p f n n

11. Railroad Right of Ways u d d d n n n n n n
12. Railroad Transfer Points u d d d p f f f n f
13. Shipyards, Naval Operat-

ing Bases a y y y g p p p p n
14. Tunnels . . d d d n n g g n
15. Vehicles and Equip. As-

sembly Areas .... g f f n f
B. Storage:

1. Ammunition dep-,. u d d d p p p p n g
2. Gas Dump (POL) ..... u d d d f f f f n f
3. Oil Refineries .... .. .. .. f f g g n u
4 Oil Storage Tanks . .. g f g g n n
5. Pipelines and Pumping

Stations u d d d n p p p n a
6. Port Depots.. .. y y y f n f f f n
7. Reserveir3 and Aqueducts u . n p p p n n

8. Solid Fuel Storage. . u d d J p p p p n n
9. Supplies (General)

(Dur a azi Depu) j d d d f p p p n n
10. Spnplies DeDots(Militarv) R d d d f p p p n 0

iii. Miscellaneous:,
1. Cities, Towns and Built-

up ea... ....... . .. .. e g t f n f
'--..m.unication Centers . d a n n n n n n

3. Dams and Levees..... u n p p p g n

4. Headquarters and Camps 9 e f f f f f
5. Mineable Areas ..... u n n U a :. n
6. Power Plants (Hydroelee- I

trnc) . . n n n n n n
7. Power Plants ,Tharno-

electric) . . a n n ,, n n
8. Radar Sites ... u D a n n
9. Rocket Launching S-t` u I n n II n ,. n

10. Seaplane Bases .. I f f i f f n
11 Submarine Fens u .. .. a f f a a
12. Submarins, surfaced. a h . n p f a f n
13. Submarines, st,buierged., u n n n n n n n i V
14. Transformer Substations u n n n n n n
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volved in this target are limited in number, FORCES-TACTICAL AIR
they are leaders, and the post itself is the Airflelds.-A "good" target for an vnder-I

nerve center for tcmm,vmications and controls, ground barst. Tactical air support is of ex-
Deflles.-A "good" target for an air burst treme importance to ground operations and

or underground burst v ith surge. The tar- an underground burst will inactivate an air
get is of importance but the effectiveness of strip.
the weapon is limited by the linear nature of
the target. LOGISTICS-TRANS£PORTAi ION

Fixed Fortifications.-A "fair" target for an Barge Concentrations.-A target of no value.
underground burst atomic weapon, preferably Although an underwater burst and a ground
with a base surge. This weapon is the one biirst are effective, the target has no impor-
whicb will have appreciable effect on this tar- tance to military operations.
get. Canal Locks.-A "fair" target for an under-

Infantry (Offensive).-An "excellent" ta- ground weapon. The importance attached to

get for an air burst at3mic weapon. The in- this target is somewhat qualifed.
fantry, concentrated for an attack and mov- Highway Bridges and Viaducts.-A "good"
ing up, are not only a serious threat but are target for a ground or underground burst. A
themselves vulnerable as they cannot be "dug ground burst is here rated on a par with the
in." Coordination and accuracy are very ira- underground burst because of the vulnerabil-
portant since friendly troops must not be ex- ity of bridges to latzral forces.
posed. Highways.-Of no military worth primarily

Infantry (Defending Light Fortification).-- beu-ause of the ease with which any obstacles
Radiological material would have its most- may be detoured or the road repair.od. Fur-

ther, no weapon effect is rated better than
fective application against a target of this if
sort. Obviously radiological weapons do not Motor Vehicle Repair Facilities.-A "poor"
destroy a target, but can be cxpected to make t or an air burst tic w pon Al
a given position unuseeble. Otherwise, this target for an air burst atomic weapon. Al-
target is "fair" for an air, ground or under- ties are plentiful ant. mobile, thus the lmpoi-
ground burst. tance of such targets is poor.

Troop Assembly Areas.-An "excellent" tar- Port Areas.-A "fair" target for all t•pes of
get for an air burst atomic weapon since the atomic bursts. The military worth Is limited
troops would be concentrated in the open. by the weapons effectiveness despite the im-
FORCES-ARMOR port'ice of such a target. It. is bellfved that

Tanks.-A "good" target for a ground btu..t damage to shore facilitles will binder but not
weapon, and a fair" or somewhat less effec- StOp urtlOhcu kga '-n4 that enna-fination w.il
"tive t.... for- t-h.r an -i burst or under- require movement and rotaticn of personnel.ground weapon. Effects on this targert sae cntroverslal.

Railheads.-Of no military value because of
FORCES.-.- R7TILLERY the ease with which they may be moved. G-uci

Artillery (manned).--An "excellent" target damage as may result from an underground
for an air burst weapon not only because of buist is limited.
the great importance of the artillery fire to Railroad Bridges and Trestles.-The analy-
ground operation but because of the vulner- cts is Identical to that for highway bridges.
ability of artillery personnel as now organized, Railroad Maintenance and Repair Shops.-

Artillery (eqyipment).-A "iair" target for A "good" target for .n bm.h buzst k-;marily be-
an air, ground, or underground burst. Again caus3 4." Yhe destruction ot ;ucllitie;, .. limited
the artillery fire is important but this iU some. supply. T"his destruction is modified by the

.11U kiveruvZ1 by the invulnerability of the importance of the target in arriving at the
plece itself military w4.rth.
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Railroad Marshalling Yards.-A "fair" tar- Port Depots.-A "fair" target for all types
get fo, an und:: ground burst. Despite the of atomic bursts. The military worth is irn-
effective result u! the use of this weapon Ited by the weapons effectiveness despite the
against this target, the large number of such possible importance of such storage facilities.
yards and the possibilities of rerouting restrict Reservoirs and Aqueducts.-A "poor" target,
their military worth. largely because of the small importance at-

Railroad Li•.es.--Of no value; similar to tached to such targets. Und. ground meap-
highways. ons are, however, quite effective.

Railvoad Transfer Points.-A "fair" target Various Dump¶ and Depois.-At best, "fa•r"

for a ground or underground burst. Such im- targets lor air burst weapons. Single dumps

j•ortance as is attributed to the target is be- or depots are of relatively little importance.
cause such points are few, and the flow of men MISCELLANEOUS
and materiel depends upon them. With few exceptions the targets listed in

Shipyards-Nava-l Operating Bases.-A this category are of no military worth p-
"good" target for an ati burst atomic weapon marily because of the negligible importance
because of the effectiveness of the burst on attached to them. Noitble exceptions are:
ships and essential facilities as well as the im- Cities and Built-up Areas and Headquarters
portance of such targets to military opera- and Camps both of which are "excellent" tar-
tions. gets for an aix burst atomic weapon from both

Tunnels.-A "good" target for an under- importance and weapon effectiveness; Dams
ground atomic burst. An undergrcund and Levees a "good" target for an under-
weapon is the only one that can destroy a ground burst; Seaplane Bases a "fair" target
tunnel. The goad effect of the weapon is for air, underwater or an underground burst
combined with the importance of the target. with surge; and Submarine Pens are "fair"

Vehicles and Equipment Assembly Areas.- targets for underground bursts.
A "good" target for an air burst primarily be-
cause of the efiectiveness of the weapon
against it as well as the importance of the In the next phase of target analysis situa
target. tions will be considered in which are Included

LOGISTICS-STORAGE v.arious combinations of targets including
those evaluated in the previous section. One

Ammunition Depots.-A "poor" target for type of analysis might be to determine the
air, ground, or underground weapons not only feasibilitY of destroying all the storage facili-
because of the limited effect of the weapons tie,_ or a.J Lne railroad facilities, or all per-
upon ammunition but because of the sligI't so, rnel of a certain type. It must be consid-
importance attalied to a sing'c dcp)t. ered valuable Wj examine as many as possible

Ce~o•.•c Dnmps.-•A "far" target for an such composit" targetm. As an initiation to

_air, rO_-nd: or underground burst. Like an szfh work it has been .:t;-mea profitable to at-
; mimunition depot, it is of little importance zeuipL au taialysis u! ime vatrious types of func-
but is ac•,:i ,.hat more vulnerable th weapcrs tioning components composing ground forces
effects. as evidenced In the categorlm of Forces: In-

Oil R.eflneries.-A "good" target for under- iantry, armor, artillery, tactical a': wd I-
ground bursts both from weapons effective- gisticz: transportation, atoragv. Tab-Ies L
nesa4 and target importance and XLIV are so composed. A preliminaryOilStoage"good targt i e evaluation of the profit of using atomic weap-

OU •torage Tank A "goor" target for air oons on these varlov- ccmpo.•.'.nL e".n be ob-
or underground bursts; of less Importance taL.ned by '-vt, a curaur5 ,,anminatitr ,f Tabble
than refineries but more vulnerable. FLI-V. The imitationis of this table for such

Pipelines and Pumping Stations.-A "poor" analysis are evident. This is not a complete
target for ground and underground weapons list of all the individual targets composin; In-
because of invulnrabhility and ease of repair. fantry, artiucz, or any of the reat. Nothing
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is said of the •R of such targets which small military worth of these targets fs mt:rely
wound have to Lv considered and, short of set- indicative o! the general nature of the targets.
ting up a complete field situation, very little Cities and built-up areas and headquarters
car be said of the relative importance of de- and camps are excepted.
stroying any combinaLun of targets. Indeed To support the foregoing considerations, the
it is evident that it will be neeesa-y to as- components of Forces and "ogistlcs will hesume various field situations, analyzing each discsed.
in great detail befure dependable conclusions
can be formulated. ORO proposes to under- FonEs
take such an analysis in the immediate future.

Meanwhile, much can be gained by examin- INFANTRY
ing the evidence in Tables XLIII and XLIV. It is difficult to determine the suitability of
Tsble XLV summarizes this information by infantry maneuvering in the field as a target
considering only the letter of merit of the for atomic weapons. A certain number of in-
best kind of burst of attacking each target. fantr.-men having been determined as a su.t-
Under Forces, for 11 out of 15 targets, an able target for an atomic weapon, it may thin
atomic weapon can be used with "good" or be stated axiomatically that when any boly
"excellent" results. Under Logistics, however, of infantry exceeding this number is observed,
for 17 out 25 targets there is no weapon which there is presumably little difficulty in a de-
is better than "good". Infantry seems to be cision to use an atomic weapon. If one atomic
a good target. Armor is at best a fair target bomb would inflict 50 percent casualties on
and It is noted here that this occurs only for one division of infantry, an arbitrary judg.
a ground or underground burst for which the ment might be made that the use of an atomic
area of damage is relatively small. Artillery weapon would be very profitable. Indeed, if
is vulnerable, It is suggested here, because it could be assumed that 50 percent casualties
artillerymen and communications are vulner- could be inflicted on 100 divisions of infantry
able. Tactical air is a good target if an under- with 100 atomic weapons, such a use would
ground explosion will weaken the substructure be decisive. In actumlity, a deployment of in-
or will produce a displacement changing fantry in the field is such that such a cun-
ground contours over a large area. centration is seldom realized. The number of

For the sake of completeness, of the original atomic weapons required to cause 50 percent
54 individual targets, those not classifiable as casualties within a division of infantry de-
either Forces or Logistics are listed in Table pends on the type of operation, i.e., offensive
XLV under "Miscellaneous". The rather or defensive, kind of fortification and, most im-

TABLE XLV
COMPOSITE TARGET ANALYSIS. FUNCTIONAL BREAKDOWN

NUMBER MILITART WORTH Of TAROGýT AITRACK BY MOST

TYPE OF TAROGT 'OF EFFECTIVE WEAPON

TARGETS e I g I f I p I n

I. Forces-,
Infantry. ........ 11 5 4 2 0 0
Armor, 1............ 0 0 1 0 0
Artillery...... 2 1 0 1 0 0
T~ctical Air... ..... ', 1 5 0 0

15 6 5 a
II. Logistics:

Transportation ............... 15 0 6 5 0 4
Storage 10 0 2 4 4 0

20 8 -9 4 4

III. Miscellaneous.. ....... 14 2 1 4 0 7

e"exfctlleim, g:-good; f=fair; p=poor; n=no good.
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portantly, upon particular field situations ation, tp * rays, penetrating jays, penetratuag
which are radically different. the tank walls; also that for appreciable dis- )r appreciable dis-

1." the principle of dispersal is applied, then tances the blast effects may be sufficient t0 ty be sufficient to
the amaliyt2 must involve a determination of move the tank. with sufficient acceleration to *nt acceleration to
how !0_.r-g the interval between infantrymen produce personnel casualties and material ies and material
can be made as opposed to how large it must damage. It is also thought that if the height that if the height
be made so that an atomic weapon may not of burst were reduced, or If the burst were on the burst were on
be used profitably. It is judged that the pres- the ground the Area of persoinel and ma- ersonnel and ma-
ent spacing of approximately 15 yards be- terial damage may be increased. These re- ,eased. These re-
tween infantrymen is the maximum spacing sults are purely tentative, pending further * pending further
that will allow the necessary commun4.cation. study. Analysis may, therefore, show that refore, show that
The first effect of a judgment that on the atomic weapons burst either in the air or on ýr in the air or on
average under operational conditions in- the ground may be used profitably against profitably against
fantrymen are a suitable target for atomic certain concentrations of tanks. anks.
weapons would be to reanalyze the possibility ARTILLERY
of greater dispersal of the infantry involving
individuals, platoons or perhaps regiments. A rather more complete analysis will be analysis win be

A preliminary judgment based on existing re- made of tihc effect of atomic weapons on ar- ic weapons on ar-
ports is that if 3 to 5 weapons could be suit- tillery. There Is considerable evidenco that %ble evidence that
ably aimed at a division of infantry, the re- artillery is highly vulnerable to an air burst de to an air burst
suiting damage would leave the entire divi- atomic bomb, and, indeed, one attomic bomb one atomic bomb
sion incapable of defense or, would effectively can reduce the (artillery) fire power of a di- fire power of a di-
counter an offensive by such a force. On the vision enormously and make the entire di- ake the entire di-
other hand, infantry can be rendered nearly vision highly vnnerable to coni.entional weap- -on.entional weap-
invulnerable to an air burst by suitable de- ons and methods of attack.
fense measures, strong fixed fortifications in In the decision to use atomic weapons . atomic weapons
particular., It should be emphasized here that against artillery the following factors are im- Lng factors are im-
infantry is a relatively fast moving target. portant:
Even if intelligence Information determined 1. Importance of artillery; Y;
that a suitable body of infantry had been 1o- 2. Ta:get presented by artillery; xtillery;
cated, the weapon would have to be used very 3. Effect desired;
quickly wo reduce the chance that, even if 4. Comparison with other means of neutral- e meaons of neutral-
aimed properly, it would not fall on the target. ization.

it is possible to make an erhaiustive and de- It is shown that an air burst is the most burst is the most
tailed analysis of the vulnerabiity of infantry effective use of an atomic weapon against ar- vearuj-, sgainst ar-
to atomic weapons for the various types Of isar
field operations. This b va r n id ven done any- tillery. Other forms of atomic weapon3 have )mic weapons have
fied toperationuts.This an an y-ysis is to be specific limit.atioas which become apparent become apparent
wL~re to date but such s.n analysis Is to be frmtianys.

.tartec immediately at the Operations Re- from this analysis.

search Office. Meanwhile a preliminary 1. Imporiance of Artfflleryý-The artillery is /.-The artillery is
judgment, which is considered quite realistic, generally recognized as being indispensable to ag indispensable to
is that the use of atomic weapons on maneu- both the attack and the defense of any con- efense of any con-
vering infant:'y in the field should be planned, tended position. ItV mission, as stated i -don, as stated in

ARMOR Army Field Manualr. 'to furnish close and ) furnish close and

Contrary to a widespread opinion that ar- continuous fire support by neutralizing or de- neutralizing or de-
mor isn quite invulnerable to an a.4 burst stroying those targets which threaLen Lhe suc- h threaLen Lhe suc-

atomic bomb, current studies in progr-ss at cess of the supprt.ef.d infantry, by neutraUz- ntry, by neutrallz-
ORO give indications that for appreciable di?- Lrig or 4e-:,,yL-g ig isthe artillery, firg on artillery, firing on
tances from an air burst significant numbers hostile reservew, restric.mg movement in ]1C-* movement in hos-
of deaths and incapacitations may be inflicted tile rear areas, and dis-upting hostile com- oting hostile corn-
on personnel inside tanks by the nutleer radi- mand agencies." Without this support and ' this support and
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in the face of opposing artillery fire, no po- poa',tion ,f the 3 infantry regiments axifantry regiments end the
sition can be reasonably defended and attack 4 orgazile artillery battalions per divisiodbattalions per division are
is out of the question, shown in Figure 35 of a sector with a 3-djo f a sector with a 3-dIvision

2. Target Presented by Artillery.-The front. It will be observed that 2 of th ser-ed that 2 of the 3 in-
frontage of an US infantry division is nomi- fantry regiments divide the division fr(*vide the division frontage
na.-y 10,000 yards on the defense and from and extend to a depth of 3,000 to 4,000 ith of 3,000 to 4,000 yards,
3,000 to 5,000 yards on the offense. The dis- tending to the greater depth when Ibater depth when., cn de-

I Approximate I
-- Division Frontage----m

IOO0r, yds Defense3000 to 5000 yds Offense F R 0 N E E

nf50 nApproximately:

4000 yds Defense

6000 yds 6000 yds

Artillery Zone
2000 to 3000 yds deep
4 Organic Arty Bn

I Rn from Reserve Div
3 or 4 Rn from Corps Arty

Reserv Division Boundaries Rear of Artillery of Artillery

II
X I " X XX X

S Reserve inf Div

i u, Arty 9n
Suppor- Ahoee

3Div I

Figure 35.-Artillery Supporting a US Infantry Division jision
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tense. The artillery battalions are located would be des.rab n e personnel and
behind the 2 front infantry regiments and buildings, an artillery piece Itself Is relatively
exte•id back tz; 6,000 yards. The third infan- immune to an atomic weapon as it Is also rela-
try regi..ent is held in reserve behind the ar- tively immune to high explosives. However,
tillery. effective fire from artillery is the end product

In a normal situation an artillery battalion, of a necessary and well integrated chain of
of a reserve division, as well as 3 or 4 artillery events: The individuals resrjonsible for this
battalions of the corps artillery, will be em- fire extend irom the rt)bervaLicn pczt, the bat-
placed in the 2,000- to 3,000-yard section with talion command post, the fire control station,
the organic artillery battalions of each of the to the gun crew itself, and each of these po-
3 front line divisions. Thus, in the ordinary sitions requires close radio or phone commu-
defensive situation, 8 or 9 artillery battalions nication to produce effective fire. The indi-
and about 5,300 troops may be expected to be viduals involved are highly skilled. Although
found in a band 2,000 yards wide and 10,000 relief crews are maintained, they are the ex-
yards long. The corresponding offensive ar- tent of the "reseruc artillery" and will be found
tillery zone is about 3,000 yards wide and 3,000 in the artillery zone when not on duty. To
to 5,000 yards long. Since each battalion has simplify: although a reserve infantry division
approximately 54 guns, a concentration of is generally maintained, "artillery is held in
approximately 400 guns will be found per di- reserve only when the situation is so obscure
vision front, i.e., in from 1.7 to 0 miles. that the sector in which the bulk of the ar-

In contrast, the Soviets are believed to have tillery fire power will be needed cannot be

a normal offensive concentration of 300 guns foreseen." (The Soviets, partly because of

per mile which is appreciably greater than the special limitations at a front as well as their
most dense US concentration. However, the emphasis on infantry and artillery, have ar-

Soviet artillery zone extends somewhat far- tillery divisions as well as infantry divisions
ther back than does the US artillery zone. which are actually held in reserve.)
This is possible not only because of heavier P4- It follows from the preceding that the de-
viet artillery, but because a typical Soviet ad- sired effects on artillery as a target are the
vance is along a wide front, but slow and with destruction of the -,rained personnel and t'Ve
a limited objective. Thus, the artillery does disruption of the lire control system. This
not lia,•e to be up close at the start of an ad- can best be accomplished by an air burst.
vance, as does TIS artillery, in order to pro. Such damage as will occur to these artillery
vide artillery support ahead of the advartce. pieces suftlciently close to ground zero is sec-
However, in accordance with present military ondary. It should be realized, however, that
concepts, artiLery committed to fire cannot although an artillery piece Is built to with-
;urther be dispersed and remain effectl-P. stand the shock and recoil of "fire", random
Dispersion in e'pth is not' poasi'e, as the ef- shork may well be expected wo damage car-
xective range and coverage of a piece is corn- riage, mechanis.s, and sights.
promised. Lateral dispersion along the front Surprise in an atomic attack against ar-
is no solution either for the Soviets or tillery is important. It Is estimated that an
ouxselVew Tn Soviet tactics, involving an ad- air burst would kill 50 percent of the per-
vance over a wide front, lateral dispersion sonnel within the open lethal radius of the
c,:uld support only a limited area at each end bomb and would effectively elim,..- a from 2
of the advance. ID, US tactics artillery from tW 4 artliery battalions and reduce the effec-
battalions adjacent to the smaller attacking tiveness of even, more. Even were the error of
front are at present diverted to support the delivery approximately !,000 yards so that
attack so that, in effect, no greater dispersion ground zero was n. _tred i•' 'iLe artillery
can be realized. zonp, ,-o...-naff the artii;ry .,enrned pre-

3. Effect Desired.--The effective neutrali- viously would be eliminated pius 3ome in-
zatter, of artilhlry is not accomplished by de- fantry battalions. In • ny event, the fire con-
stroying the artillery tiiece itself, though this crol syster- would be disrupted, and would re.
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main so at least until radios could be brought made here since this is an Air Force problem.
in and t"e netw"rk re-established. However, the importance of ta.Cical air sup-

The importance of 9rtillery as a target is port of ground operations is such that it is
brought out further by detailed comparison necessary to assess the vulnerability of tactical
with an infantry regimen.. Because of gen- air In order that an analysts of the function-
eral training in infantry, if 50 percent of the ing of a field army may be made. Studies
personnel are lost, there still remains one-half have already been made which indicate that
an infantry regiment which could be expected an air burst atomic bomb is highly effective
to do about half the Job of the whole regiment, against air fields. The effect, of course, is to
not considering the effect on morale. In con- damage the hangar and repair facilities, to
trast, if 50 percent of an artillery battalion is destroy standing aircraft within a large
Lost, then it must be assumed that one-half of radius, and to kill any exposed personnel.
the skilled, key personnel are lost and, miss- However, the analysis also shows that use of
ing these vital links in the sequence leading the runways is not denied for a period longer
up to fire, the effectiveness of the artillery is than about 10 days. It is, therefore,, neccs-
reduced to nil. Further, infantry is gener- sary to use atomic bombs periodically in order
ally held in reserve, whereas artillery seldom to keep a tactical air fr:ce from operating
is. effectively. According to existing estimates,

4. Other Means of Neutralization.-The ef- a large number of atomic bombs, approxi-
fectiveness of other means of neutralizing ar- mately 500 to 1,000 per month, would b3 re-
tillery is dramatically illustrated by the cas- quired to keep the Soviet tactical air force
ualty figures from the past war. In an in- within a distance of 500 to 600 miles of the
fantry division 93 percent of the casualties Rhine from operating. Even the prime neces-
were among the infantry regimente; only 2.4 srty of attaining air superiority does not sug-
percent were among the artillery battalions. gest that such a large number of atomic borlbs
To show the pro rata incidence of casualties could be so used.

these figures would have to be corrected, since There is, however, a possibility that other
there are three times as many infantrymen as types of atomic weapons could be built which
artillerymen. Even so, it appears that there would actually deny 'he use of the air fleldr
is no other really effective weapon for the de- for longer periods of time. For example, a
struction of artillery. Largely because of this penetrating type of atomic bomb with jets
fact, reserves and replacements for artillery might so weaken the subgrade and soil struc-
personnel were (and still are) a very minor ture of an air field that a strip could not
consideration. profitably be repaired to support heavy al'r-

5. Concl-sions.-(a) Artillery is a good tar- craft. Again, there is the possibility that an
get, particularly as now organized (b) r•c- atomic bomb exploded 100 feet or more under-
ommendations lur defense: ground would, in addition to producing a

(1) Dig in deeper; crater 500-1,000 yards in diameter, produce
(2) Evacuate relieved gun crews from vi- sufficient earth moven.eim.t in the vicinity to

cinity of pieces; destroy the runways. Great emphasis should
(3) Increase "cross-training"; be placed on uetermining the effects of under-
(4) Maintain mobile artillery reserves; around burst. Indeed, if the preceding two
(5) Train more replacement personnel; effects are possible, such a weapor vould be
(6) Develop longer range artillery to effect of tremendous importance in its utility in

dispersiun; .>nying use of tactical air fields for long
(7) Protect fire control system; periods of time.
(8) Add reserve artillery battalion to each

division. LO!I'k' C

TACTICAL AIR SOVIET LOGISTICS
A complete analys•s of the vulnerability of Currently much effort is being directed to-

tactical air to atonmc weapous will not be ward exam.,;,ticn of the rbviet loglstis sys-

186



Appendix B aired

Use E
tem. It is not the Purpose here to present righways be readily repaired but
a comuilete and detailed analysis of all the in- such damage is generally easily avoidable
formation that is available. An attempt, by short detours. Certainly on occasion it
however, will be made to point out the limita- may be proper to use a suitably designed
tions of knowledge and the impl.ations of atomic weapon on the highway bridge or tun-
some of the information upon which there is nel which for some reason is of importance.
general agreement. It is believed that the In general, however, it must be concluded that
Soviet logistics system is more vulnerable to highways should not be z;ita.-.ed w.-111- atomic
attack than our own, predominantly because weaponis. Although a truck convoy on a high-
there is less tendency to stackpile in either way would be gieatly damaged by an air burst
the communications zone or combot areas. atomic bomb, the importance of a truck con-
Th.is policy not only enhances the value of So- voy would not warrant the use of an atomic
viet transportational targets but storage fa- bomb. Here again, conventional means are
cilities as well if and when they can be found. very effective as, for example, strafing by tac-
It willkbe shown here that, in spite of this, So- tical aircraft.
viet logistics are not suitable for attack by Soviet truck convoys originate at railheads

hJoric c ento ns A r un ing and, certainly, an atomic bormb will knock outther conventional means. A running dis- the facilities at a rtilhead. However, in gen-
cussion cf Soviet logistics will be given, start- eral, railheads are not of great enough im-
ing at the front line area. portance, since the effect would be merely to

Supplies of all kinds are certainly stockpiled move the railhead farther back along the rail-
in the combat area. It can be assumed that if road. Railroads themselves cannot be cut
dumps or depots in the combat area are suffi- with an air burst atomic bomb. It is true
ciently large, they would be good targets for that railroad bridges and tunnels may oc-
a4 air burst atomic bomb. There is, however, casionally be of sufficient importance to war-
no' evidence using information derived from rant their being knocked out at almost any
either the Soviets or from the Germans that cost.
during the last war the forces of the USSR Marshalling yards and transfer points are
constructed dumps or depots of such a size in in some respects gc x targets. An air burt
the combat area. This is not to say that such would destroy rolling stock and maintenance
dumps or depots did not exist. There might and repair facilities. Certainly there would
have been a few. It is more reasonable to be- be many personnel casualties. An air burst,
lieve, however, that there would be a tendency however, will not deny the use of a transfer
to construct a large nvrnber of small dumps point or marshalling yard for a great length
rather than a small number of large dumps. of time. There is an exception to this in that
Until evidence is obtained that the S s an underground burst with base surge might
plan to conce: .rate supplies in dumps suffl- contaminate a marshalling yard so that it
ciently large and of a sufficiently critical na- would not be profitable to use It. Here again
ture to be Judged a suitable target for an the profitability of using an atomic weapon
atomic weapon, it is impossible to predicate would have to be on the b0sis of the impor-
a requieiuint for atomic weapons on a need tance of the marshalling yard or trampoer

to use them against such targets. However, vint. In central Ehe m ope there yar a marah-ll-

even small dumps and depots when they are -ing yr intalmost ev ere k, a ias
foud drin? te curs ofit atte ae sit- ing yard in almost every smell ci.,, -ad It has

found durig the course of a battle are suit- been pointed out that it is usually possible to
able for attack by conventional means of one bhunt rolling stock around any particular
sort or another as, for example, by high ex- point. It is possible tat a complete analysis
piIJives or incendiaries. woould indicate tha.. w-tb a iinL-d number of

The nyst6m of roads and highways connect- atcn'V, oombs a sufficient. .umber ,",narshall-
ing dumps and depots in the combat area with ing yards and other railroad facilities could be
the communications zone are not good targets temporarily denied In such a way that the
for atomic weapons. Not only may damaged whole Sovpt railroad transportation system
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would break down. Such an analysis has US LOGISTICS
cnot Ce•L been made, and at the present time With respect to the defense of western Eu-
it must be assumed that railroads and railroad rnpe the US logistical problem is much more
facilities of all sorts are not profitable targets difficult than that of the Soviets, primarily
for atomic weapons. because of the severity of the problem imposed

In conjunction with the railroad system in by an intervening ocean. However, much of
the communications zone, supplies of all sorts what has been said about the Soviet logistics
are maintained in depots and dumps. Taking system will apply to our own.
a very narrow point of view, if the line of the Although there were situations in World
Rhine is held, then East Germany and per- War II in which there existed depots and
haps western Poland will compose tne Soviet stockpiles of supplies and equipment of all
communications zone. At the present time sorts which would have made excellent tar-
it is known (Special Intelligence Summary, gets for an air burst atomic bomb, there is no
Intelligence Division, Headquarters, Euro- evidence that dispersal would not have made
pean Command, 1 November 1949, No. 48, D- these unsuitable targets. In fact, if one *p-
262RI 'ýnat hundreds of Soviet depots are now plies the criterion of dollar value of material
maintained in this area. It is considered that destroyed compared with dollar value of an
the intelligence information with reference to atomic bomb delivered to the target, and as-
these depoLs is very reliable. However, of the sume that the latter value is approximately
hundreds of depots, an exceedingly small num- $2,500,000, It. is immediately evident that de-
ber are large enough to be suitable targets pots and dumps the total value of which is
for atomic weapons. If depots of sufficient greater than the preceding amount need not
importance exist or will exist in the Soviet be constructed. Of course, there is much more
communications zone, there is no evidence involved in the decision that a target is worth
in the intelligence now available, an atomic bomb than the relative value.

Insofar as the zone of the interior is con- Ports and port areas are a unique problem*"
cerned, there is again no intelligence with re- of US logistics. No attempt will be made here
gard to the existence of depots which might to give a complete analysis of the profitability
be sufficiently large and of sufficient impor- of knocking out thi US logistics by denylrg

to warrant the use of an atomic weapon. the use of ports and port areas in Europe.tan ys. t e cant the ate Many agencies are already aware of the threat
It may be stated categorically that there are to our lines of communication if the Soviets
more important targets for atomic weapons can knock out the few large ports open to
in the Soviet zone of interior than the possi- us. If, by any of the means available to the
bly existent supply depots. An over-all con- Soviets, thesc ports or any that we commit to
clusion, therefore, qualified on the basis * tLe large scale use are denied to us, the possibility
limitations of tadsting information, Is that an of using many small ports and beaches be-
attack on the Soviet logistics system should comes important. So far as is known, no re-
not be planned using atomic weapons. If alistic estimates attest the feasibility of pass-
logistiro n - divided into components of trans- ing supplies and equipment through small
portation and storage, it is concluded that ports and beaches in quantities sufficient to
storage facilities are slightly better targets support a major effort In western Europe.torage tThis is nevertheless the kind of o.r ;blem for
for atomic weapons than are transportation which a solution seems possible, even recog-
facilities. This con Musion is reached not only nizing the difficult problems of unloading,
oecause of tbt relatively larger area of the handling, storage and transportation which
storage facilities as compared to the trans- are. raised.
portational facilities but because ou the exist, At any rate, it is impor'.-nt to ".-ow what
ence of a well integrated transportation net- damage atomic bombs can do to port areas.
work which iermata re-routing and shunting in some respects there Is the possibility that
of carriers, the port -''n be denied for a long pericd cf
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time by the loss of vital handling -_ulbw~ent, About two-thirds of the 54 targeto. have somn
local labor, and the sinking of shins in berths worth for both air and ground burst.
or v.!Wl passageways. In most respects, how- An air burst is n' ood or excelent for the
ever, atomic bomb damage would not deny following targets:
the use of the port for any great length of 1. Staging areas for airborne assalt;
time. Certainly there a ,uld be great loss of 2. Airheads;
ships, supplies and equIpment aboard ship 3. Staging areas for amphlbious asgavat;
and stored in the area. 4. Amphibious landirgs;

The best assumption, however, seems to be 5. Defiles (troops);,
that with one means or another the Soviets 6. Infantry (offensive);
can deny the US use of the small number of 7. Trop ebyoel s;
large ports and that it will be necessary for 8. Artillery (manined);
the US to rely on a large number of small 9. Railroad maintenance and repair slbci;
ports and beaches. On the basis that there 10. Shipyards, naval operatli°g bases;
must be an adequate solution to the latter 11. Vehicle and equipment azerobly meas;
problem it is judged that, generally speak- 12. Oil storage tanks;
Ing, the US logistics system wll not be a suit- 13. Cities, towns, built-up aream;
able target for Soviet atomic weapons. 14. Headquutters and camps.

REQUIREMENT FOR VARIOUS TYPES A ground burst is good or excellenrt for tar-
OF BURST gets 1, 2, 3, 4, 6, 8, and 13 on the preceding

list. In addition, railroad and highway
isven though the foregoing target analysis bridges, viaducts anid trestles, and armor

is qualitative and the merit assigned to indw (manned tanks) may be suitable in special sit-
vidual targets may be changed as further work uations. It is noted here that bridges are
is done, the accumulation of evidence will in- probably good targets for a ground burs% only
dicate some trends which are significant. In when delivered by a guided nlssile wlth an
this sixtion the relative importance of the accuracy of 200 ft circular probable error or
various types of burst and of radiological ef- better.
'ects is analyzed. From Table XLVI , an air burst hs best on

Table XLVI is taken from Table XLIV and 26 targets and a gi aund burst on 16. Nine
sl..ws only the best type of burst for each targets are common to both.
target. Against 13 of the 54 individual tar- Of the remainder, there are targets for
gets no type of burst had any value, i.e., the w f ch roundbrs th tre bet orbes leterof eri wa n.w~hich a ground burst is both ths best of allbest letter of merit was n.

Table XLVII, obtained from Tables XLIV bursts and superior to an air buxst. From

and XLVI, sumn-arizes all the target data Table XLVI these are:

under the three headings of nu,.nber of targets 1. Lrmor--god.
for which the .orth was (1) poor or fair, (2) 2. Highway bridges and viaducts--good.
good or excellent, and (S) the nunmber of 3. Railroad bridges and trestles-good.
targets for which the type of burst was the 4. Railroad traizsi j.ints--fair.
best or tied for bst, 5. Pipelines and pumping tations.-poor.

6. Resern'ils and aqueducts--9r,
AIR BURST VS G.IOUKTD BURST 7. Submarines, surfaced-fair.

The consideration here is whether or not Armor Will be discussed in the i__r section.
the FM type of bomb should be provided with Bridgea, trestles, and viaducts have already
a proximity or contact fuze so ,hat thi ex- ben referred to, and the rest being either Yair
plosion will occur between treetop height and or poor wl11 not be treated.
the ground. It is nnw pomssib~e ý atllvelj ;o conclude

Individual Tin-qet Conzlderation.-Table that - proximity or cuntmt: tize . .. an FMA
XLII shows that ,both air burst and ground type atomic bomb is necessary (from the point
burst have great effect on many targets. of view of individual targets) principaly for
4
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bridges, fre,$ie3 cr viadw-ts. Wlth the ercep- It. is concluded that except for armor and

Yfit o9 thespe. targets for all thmse armor taken bridges there is no real necessity for a ground
ni'to consideratiof. in the preceding two lists, bmrst.
an air burst fuze wi1 do zv;re thing that can
be done by a ground burst •nd more. NECESSITY FOR VU'ŽDERGROUND

Comporte Tayt~l Consyaklration.--,Now ref- OR UNDERWATER BURST
erence is made wo composite targets to see if A penetrating type of weapon .- xch as LC is
the foregoing cenclusien (that a ground burst needed for underground or unaerwatLc burst
is nol, required) is consistent. excepting, of course, for such weapons as de-

I. tnfanti-y--ground burst not needed, air lay action mines laid by craft which have not
burst ss much the better. been considered here.

2. Armor--this Ls an exception. A ground Individual Target Consideration.-Table
burst Ns good and is the better type for armor. XLVII shows that underground or under-
Should it become really important to use water bursts may have great effect on many

atomic weapons on armor, a ground burst targets. An underground burst without z
would be preferable (the air burst is also ef- base surge has poor or fair worth for 33, good
lective but to lesser degree). The under- or excellent for 8, of the 54 targets, and is the
ground burst may also havw bearing here and best or as good as the best for 21 targets. With
will be mentioned later. a base surge the underground burst is poor or

3. Artillery-air burst Ls better. fair for 11, good oi excellent for 10, and is
4. Tacticat air.-air burst is better (under- best or equal to best &'or 26 targets, The pres-

ground mzy be best, as mentioned later). ence of a base surge increases the effectiveness
5. Tranportation--air burst is better, ex- and worth of an underground burst. Under-

cept for bridges, A . )wance should be made water burst with poor or fair worth for 7, good
for possibility that knocking out bridges with or excellent for only 3, and best or equal to
guided missiles may become important, best for only 8 targets is not as impressive as

6. Storage--air burst is better. underground bursts, obviously, because the

TAB•LE XLVI
MILITARY WORTH OF TARGETS; SHOWING BEST BURST ONLY

(Selected from Table XLIV)

SMILITARY WORTH (ORO)

, A G I UG UGS IUW RW

y orces:
-4- Infanr,"y',

1. St$tuiz Arers for hjriorne A&auit . . e e
2..Airbea.. . g g .. g .
3. Stsging Areas for Amphibioas Assault e .. .. ..

4. Amphibious Laudings . . .. e .

6. Command Posts g g
7. l•efiles (Troup-) . ..

*. Filed Forttficatious. f f
J). Infantry (Offensive) e

I,. tlr-airy (Df'emdudg Light Forfication) f i f f f
. Troop A.smbiy Arfws . .

It Armort
1. Tankr,...

C. Artiliery'
I Artiiery (Mari,) . . .ý. Ar-.i11ery (Eaqui.pment). f 'f'I ' 'rT=t!- Air:
I Airfelds g g

190 V



Appenidix B

TeLZ X1VI (cortinuid)

1LtVT/T WORTH (3RO)

A G 3G uGS w I RW
H., Logiatie•.

A. Transportaton,
1. Barge Covee•tratiors . ....2. Canal Locks ... 'f" "f .
3. ll;jbway Brgcc and' i.a,1, .... g g g
4 Highwav Right of Ways .... . .. ..
5. Motor Vehicle Repair Facilitie.. f .
0. Port Are•s I f f f f
7. Railheeds....
R. RaIro•c4 Bridges and Tr•le_,, .... g g g .
0. Railroad Maint'nanse and Reptir Sbps. g .

10. Railroad Marshalling Yard ... .. f
11. IRhJliad R-ght of Ways ...... .
12. Railroad Transfcr Points .. f f f ..
1. Shipyards Naval Operating Braes.. .
14. Tunnl ss ....... .... . . . g . .. .
15. Vehicles and Iquipwent Assembly Areas.. g

B, Storage:
1. Ammunition Depot... p p p p
2. Gas Dump (POL).... ......... f f f . f
3. Oil Refineries .............. g gU
4. Oil Storage Tanks.. .......... ...... g g g
5. i'ip-ines and Pumpiug Stations p p
6. Port Depots ....... ... ..... ..... f... f f f" .
7. Reservoir3 and Aqueducts . .......... .. p p p
8. Solid Fuel Storage .................. p p p p
9. Supplies, General (Dumps and Dpet) .... f..

10. Military Supply Depots ...... f......f..

HI. Miscellaneous:
1. Cities, Towns fnd Built-up Area. e ..e..
2. CommuniCation ,enters .... ..

3. Damn and Levees .. .... .. g
4. Headquarters and Camps . . . .. . .,
5. Mineable Arees .........
6. Power Plants, Hydroelectric .....
7. Power loants, Therrni-electric. ........
8. Radar Sites ........
9. Rocket Launching Sites, .. ..

io. Sfepla&, Bases.................... f f f I" f
11. Submarine Pens ............... f f.
12. Submseiic%, surfaced ................. . . " .f
13. Submarines, subr•erged ................. f,..
14 Trmnsformer Substations .......... . ...

Total.................. ...... 26 16 21 26 9 4

Total Nunber of Tdrgat ................ ,4 54 W4 64 54

targets being considered are .- m#t instances not a!reedy detterninn!ýd higbly vulnerable to
not near water. aih burst. TMat Is to say, In Table XLVI only

It will now be assumed that air burst WIll .-r~ets are ne- co.dere' iu w"",,• the best
be availabk but that ground burst wiV not. meVhd is the undergrou.-id or -l. iderwater
Further, it will be assumed that a requirement burst ana not the air burst. 8o, for example,
for undergrounJ or underwater burst will be airbo.-ne assnxult staging areas will not be co-n-
considered rs needed lox only lthose targeth sidered s t.c' they have excellectt worth for
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T•L.u XLVII tive than eithcr an air burst or underground
SUMMARY OF BURSTS burst.

NUMSZR OF TAKOENS oUT OF 54 3. Artillery--air burst best.
HAVINO uxMT OF WUTARY 4. Tactical ai--if an underground burst

TYP OF BURST u--CTE afn air field for a long period
rooror (2) (2) of time as has already been d!iusacd. then an

_oor__o__ Excllet j Efect underground burst is very essential even ifapplirlible to this target
A ............... 27 14 26 5. Transpornation--of the targets involved,
0...... .. 28 10 16 bridges and tunriels are most important and

UG ......... ..... 33 8 21
Gs ... ............ 31 10 26 indicate a need for either ground or under-

uW ............... 7 3 8 ground burst.
RW ................ 17 0 4 6. Storage-underground burst is impor-

tant for oil refineries and submarine pens

both air and underground. Then referring to alone.
Table XLVI, the following targets are to be
considered: IMPORTANCE OF RADIOLOGICAL

1. Command posts good WARFARE
2. Armor good Table XLVI shows that radiological warfare
3. Tactical air fields good has poor o," fair worth with respect to 17 out
4. Highway bridges and of the 54 targets; on none is its worth good or

viaducts good excellent, but on 4 targets (biilets. infattry
5. Railroad bridges anid in light fortifications, railroad transfer p6nnts,

trestles good and fuel dumps) it is best, though on a ýar
6. Railroad transfer points fair with other types of b"st. In each inst"'nce
7. Tunnels good the worth is only fair.8. Oil refineries good In view of this evidence it is difficult to con-

9. Pipelines and pumping clude that radiologicol warfare has great util-
stations poor ity In ground operati ins. However, it is recor-

10. Reservoirs said aqueducts poor nized that this report, treating the subject in
11. Submarine pens fair a manner similar to all other reports to date

This group includes some very important on this subject, has assumed that radiological
targets. At this point in the analysis the con- warfare would not be available in sufficient
clusion is that an air burst alone will not de- quantities for denial of entry or passage but
stroy all imporiant individual targets. Two rather for harassment. At the present time
questions are pertinent to the decision to pxr,- it is beginning to be recognized that the de-
vide a penetra.ing weapon giving an under- velopment of production facilities in the next
ground or underwater burst: five years may make it possible to stockpile

1. What accuracy is required? large quantities of roaaiiogical material and
2. Should a penetrating type guided missile that ultimately the restrictioa will not be How

with an atomic warhead be developed? much can be produced? but What is the cost
These questions will be csasidered later in the of production compared to its military utility?
study. It must be recognized that perb-n.-r the out-

Composite Target Consideration.-The fore- standing difficulty encounterea in evaluating
going conclusion that the air burst does not rpdiological warfare stems from the strange-
solve all problems is substsntiated by the fol- ness of the conct:pt to military thinking. De-
lowing: etruction of perK-wný! an- ia'terial is en-

1. Infantry-inability to destroy c.inmand -ivn',i.f4 with a feeiii -1 tanmilicrity but the
posts is not -rlt!cfi! incept of temporary denial to pasage, entry,

2. Armor--if armor must bp attacked• with -or oc.cupancy is so unusual in military analysis
atomic weapons, a ri.;nd burst is more effec- as to reqvire very careful consideration.
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ACCURACY OF DELIVERY ASSUMED aCCURACY OF VARIOUSMETHODS OF DELIVERY
Thz problem of accuracy of delivery is very

important. It has already been stated that Table XLVI shows the accuracies of the va-
the principal advantage of a guided missile rious delivery methods which are to be con-
with atomic warhead ov%.; high altitude oomb- sidered. It is emphasized. that all accuracies
ing is in the accuracy of dclivery. It has been except for high altitude bombing are esti-
stated that to obtain such accuracy, it Is nec- mated. Even the latter ac aracy is extra-
essary to sacrifice some efficiency of explosion, polated from proving ground anu trm;,•ng
which gives, n• general, lower energies for a fivures; hence, what may actually be rotained
guided n-dssile warhead than can be obtained under operational conditions is nr 6 known
inabomb. Also, for some time to come guided (known estimates go as high as 3,700 yards
missiles will be much more restricted In range circular probable error for radar tombing).
than heavy bombers. HERMES A-1 VS RADAR BOMBING

It is almost a truism that, other factors be- Uoquestionably there are many instances
ing equal, greater accuracy is to be preferred. where Hermes A-i with an accuracy of 100
On the other hand, situations can be imag- yards circular probable error will give results
ined where this is not the case. Sup,--, for far superior to radar bombing with an ac-
example, that the radius of the target is very curacy of 1,000 yards circular probable error.
large as compared to both the damage radius An example will be given here which, In point-
and the error in delivery and that it is merely ing up some of the difficulties in a dccision
required to place the weapon so that the dam- that guided missiles with atomic warhead
age area is anywhere in the target area. must be develo*ied, will suggest caution in
Recognizably, there would be no necssity to premature judgments.
reduce the delivery error below a certain N alue. Two circular targets will be considered: (a)
Another example is that of a target of re- area 4 34 sq mi (radius 1.24 ml); and (b) area
stricted dimensions and a damage radlus for 10.3 square miles (radius 1.81 mi). It will

the weapon very large by comparison. Betow be assumed that for these targets thme damage
areas of both the bomb and the missile are 4

a certain value of error in delivery there would are mile ( om ag d 1.1 mle a t
square miles (damage radius, 1.1S mi). it

be near certainty that the target area would will also be assumed that the energy of the
be inside the damage area. bomb is about 40 KT, and that, of tne missile

There is, in general, in coninection with the one-lialf this energy or the nominal 20 KT.
employment of atomic weapons a requirement In view or the first. assumption, tils energy
that only the .nemy be damaged. In, using relationship gives a bias in favor of the guided
these weapons in ground operations, appU•1.iR- missile. Suppose it is required to know what
tion of this r, luirement necesitates exami- percent coverage the weapon will have on the
nation of many situations and it will not be target wiih near certairty. A probability of

94 percent is used here hich corresnonds to
possible to give a simple accuracy requirement the 2 circular probable er. ,r distance.
other than perhaps to state a maximum ac-
ceptable error. CVrar Tagd, 4.84 al mi

Following the development of adequate N, -P•,-,fW m C ,.srai A,

mathematical formulation it is planned in this i-fe
office to obtain quantitative solutions to these I bomb . ..... .44

probiems of accuracy, It is believed that I 'iernes A-1 85
qualitative thinking will ir. many situatiorns 6 bombs (aimed at asn•o •-,Point) .. 94

lead to erroneous conclussions. Several ex- FP z. _24- is ,sed to copntfý oe . t-omb and
amples will now be given using the niathe- one HenncsA-4 RAND .Repoid (R-169), nm-
matics whJch is already available to indicate piricl Bomb-Covercge D)stributiona (advance
saone of the problX.:-,ý involved, copy), was used to compute six bomb cases.
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One Hermes A-1 is much better than one Ing into account many factors will answer the
bomb but not so oood as six bombs. question.

Circtar Target, 1O.28 sq ,ni FIELD ARTILLERY (280-mn..-1-KT)
Nmnber of Weapons Cverag. ,-ith 9/ VS P . DA R ROMBING

Uted Prtabobaby
Perrent Figure 36 shows that a 40 KT atomic bomb

1 bomb... 34 is always better than a 280-mm shell of I KT
I Hermes A-i... .. 40 for a damage area bouncded Ly -an cerpres-
6 bombs (aimed at same point). 64 sure of 10 psi. Both have less than 50 per-

One Hermes A-1 is not significantly better cent coverage. Figure 37 for 25 psi shows
H e -s t' signifcantlyetter that although there is a range of target sizes

than one bomb and six bombs are much better fo which tag sibesfor which the 280-mam shell (1 KT) is better
than one Hermes A-1. than the bomb, nelther, exceeds a coverage of

Figures 36, 37, and 38, which are compiled 10 percent. Cases where 10 percent coverage
using Figures 34, compare guided missiles, is adequate are ac'"uned to be very rara. For
Hermes A-1 and Corporal E (assumed nominal damage corresponding to limiting overpt°is-
20 KT) with a bomb (assumed 40 K e) and sure values less than 10 Dsi, the bomb always
with a 280mm artillery shell (assumin,7 1 KT gives more coverage than the 1 XT 280-mi
and the nominal 20 KT) for circular targets shell except, of course, where the target is en-
of various sizes. Referring to Figure 36 for tirely in the damage area in which case both
the case of 10 psi limiting damage, both guided are 100 percent. This is borne out in Figure
missiles are superior to the bomb for targets 38 for damage radii corresponding to painful
up to 3,000 yards radius. For targets smaller skin burns (3 calories per sq cm thermal radi-
than 2,000 yards radius, Hermes !.as a cover- ation). Further analysis may show that a
age of greater than 80 percent. Corporal E low energy 280-mm shell may be needed when
has a coverage of 80 percent or gieater for damage is to be restricted to a relatively small
targets less than 1,600 yards in radius. area, as to protect friendly troops. Again field

For damage corresponding to 25 psi or artillery, being more an "all weather" method
greater (Figure 37) the guided missiles are of delivery, invites a aalysis along that IL. e.
better than the bomb for targets of all sizes. Until some demonstri.tion of this sort is made,
Hermes A-1 givets a coverage of 80 percent or it should be assumed that a 40 KT bomb is

better for targets up to 950 yards radius and better than a 280-mm shell of 1 KT and the

Corporal E for targets up to only 400 yards. latter should not be developed. Figures 36
It is instructive to compare Hermes A-1 with and 37 also show, however, that a 280-mm

Corporal E. For a target 700 yards in radius shell of 20 KT would have a great advantage
Hermes A-1 will cover the target with 25 p- over the 40-KT bomb, and a weapon of this

damage or grea .r while Corporai E only cov- sort seems very much worth development. It

ers 60 percent (all of this, of course, with a 94 is realized that the feasibility and cost of such

percent probabi.ity that the damage will be a weapon must first be determined. It is not
that indicated or greater), the purpose in this paper to give such an

analysis but ýt is strongly recommended that
Finally, it is observed (Figure 38) that for this be done by the appropriate agency.

large damage radii corresponding to damage
produced by thtzrmal radiation of 3 calories 20-KT BOMB VS 80-KT BOMB
per sq cm (producing painful skin burns), It is frequently pointed out that the damage
Hermes A-1 is not as good, though 'orn- r.a -ius of an atomic bomb increases only very
parable to, the bomb except for targets from slowly as the energy increases. as W 1/P ac-
2,000 to 3,700 yards in radius. Wuliiy. How-v ver,&6Lh,,,inrg 7 ears from

It is aot the intent here to introduce serious 20 to .)i KT, the radius vt equiva .at blast
doubt that an ato.mc warhead should be de damage incr';ases by 60 percent. That such
veloped for a gu.-ded missile. it is, however, an increase a importart In attacking targets
suggested that only & .ompiete analvy.s tak- of finite st,- is indicated in Figure 39. For
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limt amae quialnt o 2 pi nn 0KT .Vhat canniot be done with an V~ot be done with Em air burst?
bomb gives at least double the coverage of a Th~e grup of targets on page 1* targets on page 192, which
20 KT bomb although for neither is the cover- is the residual list of targets for whltit of targets for which an air
age very good. For 6 psi damage the 80 KT burst was not suitable, will be cO suitable, will be considered.
bomb gives only 45 percent coverage for the The targets can be grouped as follow# be grouped as follows:
same radius, and the 20 KT bomb will give a. Armor (fair target for air bujir target for air burst, good
80 percent coverage for targets no'larger than for gr"ound burst); rt
600 yards radius. These are all signi~ficantlty b. Tactical air fields, for long tlmeir fields, for long time denial;
better results for the 80 XT bomb, and It must
he presumed that efforts to increase the burst c. Transportation: bridges, vladu~tion: bridges, vladaicts, tres-
energy are important. ties, railroad transfer points, tunueL.*nsfer points, tunnels;

d. Storage: oil refineries, pipelinti1 refineries, pipelines, reser-
SYNTHESIS OF WEAPONS SYSTEMS voirs and aqueducts; iiucts;

REQUIRED a. Miscellaneous: submarine pei~us :- submarine ,~ens, comn-
SELECTION OF ATOMIC WRAPONS mahid posts.

The analysis of tle- preceding section will This list is an answer to question 1;1nswer to question I.
now be brought to bear on the problem of 2. Wrhat is the necessity for a Pete necessity for a penetrating
selecting the necessary atomic weapons and weapon?
weapons systems for ground operations. It Tactical aaur fields aad submarine telds and submarine pens are
Nas not been pretended that the analysis has tagt o wihapnetrating Wea*-h a peneirating weapon ig re-
been either exhaustive or sumfclently analytic targets Portwichlrl a f=wdrr~al f nudrrun u
to be considered final. Until the necessary qwcusred sarticult aagly Wf a dergroe&adamaifeatoudergond ther-t
mathematical techniques are developed and wfaiields tau e su ncent dam agpeettto dnien forampege tradeny thes.oe

use, utilth cople pdblmae of thareffec is demonstrated, Again it is noted t~i. Again It' Is noted that there
on ground operations of daae fvros is necessity to determnine the effect of Oterxnjne the effect of an undW~ -
kinds which can be produced by atomic weap3- ground e-Xplosion without delay. It 4i without delay. it should be
ons are analyzed in detail, miany conclusionsq noted that a ground burst or penetr~und burst or penetration, One
must be questioned, or the other, is best for armor and at Uset. for armor andi ýt tine saVIe

Nevertheless, some things are now apparen'. thme there is a need for good accuracteed for good accuracy.
From t'le origiiial list of atomic weapons, 3 htacrc eurmn e* jrqi*Metdem sa
Table XL, three -.reapons should be deleted 3.mi Wht cu racy ress ire metlrc euieetdmns
as a result of the discussion thus far: Item 2, tmcgiddmsie
30Q KT bomb, because it is obsolete; and Item Guided missile accuracy (100 yaoe accuracy (100 yards eircut-
4, radiological warfare; and item '7, the artil- lar probable error) is required fOz~ror) is required for bridges,

leyshell of 1 KT energy. The remainder tunnels and command posts. Fu zb&rnjd poss Furth er analy-
can be classified wa follows: sis will probably show situations #1y s~how si4tuatfionns requir-Ing

1i. Z3uw-us above 20 KT--alr or ground burst; guidcd mpissile accuracy either t4 accuracy elthor to protect
2. Penetrating bomb--with or without jet, friendly Personnel and equlPmen~nel and equlipent (either

air~~~~~ -rgonbrt ~m an extension of the consldera`t1n of the consideration of tar-
3 ~gets oaf finite size given In the Listaz given in the last chapter,

3.Guided missile--air or ground burst, or or because of the averlap problem lI*, overlap problem in connee-
penetrating; tion with the use of more than Oflwe of more thaft one atomic

4. ArtIllery shell-air burst, 20 KT* weapon ner target). Only aner irget). Only after etiensive
5. Superbomb-penetratlng bomb or guided anaaly~tsf~o.a' the actual necessity ft~e actual necessity for an~tle-

-missile. pated guided missile accuracy be~nissile accuracy be demion-
Several quiestions rernbin, the answers to strated. The problem Of hOW WZfl~roblem, of how Mmay Mtoaic
wiaci, will ailow."ilecting from the precedir, gul'id 'nissiles should be StOCkpiledilshoulci be stockpiled is of less
list the ato-wic weapons which -'muy be, pre' '.i~niecavpe importance thazn the rae(rtance than the necessty for
sumed to be adequate for attacking the vae.- tlicir devt~iu 4pment and test. .ent and test.
ous targets of importarnce to ground opera- 4. What is the requirement for b~ie requirement for both great
tions. accuracy and penetration for a guide4netration for a guided LLsIale?
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Command posts and tu el only an area of 1,000 sq mi; very heavy vehicles
targets necesa,av to be considered here on the such as tanks within an area of 25-50 sq mi
basis that both great accuracy and penetra- will be thrown a distance of a quarter of a
tion are required. (By necessary it is meant mile; there will be hurricane force winds of
that only targets for wh~h an air burst bomb 100-150 mph ovcr more than 0Ml square miles.
is inferior should be considered in stating the In all instances thc damage mentioned is at
demand for a different weapon.) From the the periphery of the area and I kcreases toward
lack oi critical WIpULtance of the first target the center of burst. Such enects ate so fan-
and the questionable necessity for the second tastic they may not be interpreted with refer-
target it is concluded that there is no require- ence to any known operating techniques of
ment for a penetrating type guided missile, the Army.

5. Hlow do an artillery shell and a guided In the present pattern of things for army
missile comparee? operations, if a superbomb were aimed at ene-

Since this study began, it has become known my armor, friendly troops would have to re-
that a 280-nm artillery shell is a possibility. main miles away for safety. It would be nec-
It is estimated thaL an atomic weapon can be essary, in general, to keep friendly dispositions
placed on the shell. At an estimated maxi. of personnel and equipment some 15 miles
mum range of 23,000 yards, the estimated away from the center of burst. Even though
accuracy is comparable to that estimate tor im-ni.-atl0on is inadequate to estimate the var-
guided missiles. This is very probably a good ious measures and countermeasures which
weapon for ground operations, would accompany the use of such a weapon,

6. What is the importance of the super- it may certainly be said that if the superbombbomb? Is developed and used by the US or the USSR,the effect on ground operations will be stu-
Even though a cursory examination of the pendous. The superbomb seeus actually to

importance of the superbomb in ground oper- be the terrible weapon that the 20 KT atomic
ations is a necessary preface to a wore mean- bomb was thought to be in the days immedi-
ingful analysis, its overwhelming destructive- bomb as Houht t nt daymk ei
ness and, in general, the implications of its ately after Hiroshima and Nagasaki.
existence are such that one should hesitate to FINAL LIST OF AS OMIC
lend even slight erkiphasis in the wrong direc- WEAPONS REQUIRED
tion. What is written here is a qualitative As a result of the considerations in the pre-
approach to the problem and is presented pri- ceding section, it is now possible to set down
marily because even a crude consideration of the !Hst of At•n•i. weapons needed for ground
the requirements for a family of atomic weap- operations:
ons for ground operations must consider the i. Bombs above 20 KT-alr or ground burst;
superbomb. 2. Penetrating bomb-with or without jets,

it is very diifcult to imagine the signift- air or ground burst;
cance of producing very large "holes" in the 3. Guided missile- -.. r or ground burst;
battlefield, or the Communications Zone, or 4. Artillery shell--air or ground burst;
even '1.t matter the Zone of the Interior. 5. Superbomb.
These "holes" c.an be either physical holes or
craters in the ground, gaps in communications l'i spite of the considerations which have Ldi-
or transportation, holes in the battlefront cated that a ground burst (gro:'.. to treetop
where almost no activity survives, actual and levels) is not very necessary, it is included here
total loss of several divisions (perhaps az ..,ecause it can probably be obtained with a
army) of front line troops inx.luding all equip- minor modification of the air burst fuzing.
ment and supporting facilities. in fact, the
result will be nearly total destruction over an
area of upward of 100 sq mi, and considerable 1. The work represen,,ed in this paper is
damage over an arka covering several hun- qualitative and, hence, subject to revision as
dreds of sq mni; skin burns can be induced over methods =u.h are more analytic in nature
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are applied. Nevertheless, severol conclusions 10. A Ided missile giving much greater
can be stated and the necessity for continued accuracy than present radar bombing accu-
work can be aeflned. racy would give greater damage to niany types

2. Appropriate mathematical formulation of targets, but not to all.
can and should be d,'-cloped for the special 11. A field artillery shell of 1 KT energy Is
problzmns imposed by the use of atomic not as good a weapon as a 20 KT bomb, as
wveapons. concluftj from accuracy and damage consid-

3. No adequate soiution to the general prob- erations and aside from considerations of
lems studied here can be obtained without weather and deliverability in general.
a very careful and detailed analysis of corn- 12. An 80 KT bomb is much preferred to a
plete tactical situations wherein aCl the corn- 20 KT bomb for various talget&.
ponents of means available and oppwsed are 13. The effect of superbombs on ground
represented in sufficient detail to allow all the operations is enigmatic. Potentially the re-
damage of various kinds to be integrated. sultant destruztion would be so great as to

4. Artillery, infantry and tactical air are revolutionize ground operations.
suitable targets for atomic weapons in that
order of suitability. Armor (manned tanks) RE(O. NDATJONS
may be included as a result of current studies. 1. The effect of an underground explosion

5. Logistical targets aie not suitable targets should be determined without delay.
for planned attacks with atomic weapons. 2. An atomic warhead anct an appropriate
Ports may be an exception, vehicle like Hermes A-1 or ICorporal E Rhould

6. The air burst atomic bomb i.s an excellent be developed for use, if possible, within a year.
weapon for many types of targets of impor- 3. An atorn- ,-rhead for an artillery shell
tance to ground operations, is probably E very good interim weapon for use

7. Some important targets require a ground in ground operations and should be developed
or underground explosion. vi.thout delay.

8. There are several very important targets 4. A superbomb should be developed with-
for which an air burst is not suitable. out delay, but work upon such a new develop-

9. Underground or underwater bursts are ment should not ir terrupt nor interfere w.ýh
important depending for the former on the the continued development of fission type
actual effect which is not now known, but if atomic weapons.
predicted effects are correct, the underground 5. Use of large quantities of atomic weapons
burst may be better than the air bufst for in all large scale ground operations should
many targets. be planned.
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UNCLASSIFIrD
ATOMIC WFAPONS IN WESTERN EUROPE

SUtIMARY

PROBLEM

The problem is to give a preliminary estimate of
the effectiveness of atomic weapons on the defense of
western Europe, and to outline some of the problems
which must be solved before a complete analysis can
be made.

FACTS AND ASSUM.PIZONS

The decision to use an atomic weapon against a
particular target is complicated. Eleven factors are
listed which must be taken into consideration.

For the analysis in this paper a field army is as-
sumed to be composed of the following:

1. Forces--Infantry, armor, artillery, tactical air;

2. Logistics--Transportation, storage.

Two principles are stated:

. T i- paLinlng in advance of battle cannot
evaluate t*he importance of targets of opportunity.

2. Defense against atomic weapons requires
greater dispersal or more protection o' personnel
and facilities.

The following possible schedule for development
of atomic weapons is set up:

1. 1950. An air burst atomic bomb with energy
somewh'•'•icater thai- v Z KT is tft•e -rly weapon
existing. Efforts to develop a penet.,-ting tpe are
proceeding but the effects of penetrat on are not known.
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Z. 1951. It is possible to have an air burst weapon
by this MaTe having greater enerigies. It could be
pos sible by this timne to develop jets for a penetrating
type weapon Wi t-hi event jets are necessary.

3. 195Z. A warhead can be deVelo;ped by this time
for use~n-a Corporal E or Hermes A-1 guiied mis-
sile, both of which -ould be ready by that time. The
range of such missiles is about 80 min"es and estiznatt~d
accuracy 1, 000 feet cpe for Corporal E and 300 feet
cpe for Hermes A-I.

4 11455. Gluided missiles with longer range and
greater -accetracy than those given in paragra~ph 3 will
be developed by thiss time. Estimated accuracy (ZOO
feet cpe) is such that if necessary small targets iuch
as bridges could be d&iisryeci.

5. 1955-1960. In this period it should be possible
to rouna o~ut te development of an adequate farnijy
of atomic weapons for use in ground operations if
the military requiremrent is set up immediately,

It is assumed that for the next two, ye-ay or 5o
the US will have significant supneriority over the
USSR in atomic weapons.

It is assumed that by 1952 the US will 'have 850
zitomnic weapons and trhe USSR 100. These figures are
extracted frorn guesses in the US News magazin~e and
are used merely- to a-1'bw certai -arguments to be
preseutý 11 in. concrete form and are not ar attempt
on the part of the authors +o guesms thie sizie-o

we:apons mnanu~factured by the LISSR, it is impos-

Suinch weapoits used el -erFy the USer the Scoviets.
Suhanalysis cpan. however, result ftom cornpre-

hemsive studiae: which can b-, complet-ld Wn the near
future'.
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DISCUSSION'm

A superficial analysis of the vulnverability of infantry,
artillery armor, tactical air, and logistics is given.
Even though superficiat: however, the analysis is more
meaningful in determining the general v-lnerability of around
force, than analyses which are limited to a listing ano.
assessment of vulnerability of the many separate tar-
gets which must be considered, e. g., aircraft, in-
fantry, pipelines, .,nd t•u•nnels.

CONCLUSIONS

The vulnerability of infantry varies greatly de-
pending on the type and history of the particular en-
gagement. A detailes study of maneuvering infl.ntry
is possible and will be necessary before meaningful
conclusions can be made. Certainly three to five
atomic bombs airned properly and at +the r-ht
time should produce enough personnel casualties to
knock out a division in most tactical situations.

Armor (manned tanks) may be a good target for a
ground burst but only a fair target for an air burst
atomic bomb. VWnerability of manned tanks to
atomic weapon attack is currently under investiga-
tion.

The vulnerability of artillery reflects the fact that
ef-ective artillery fire is the end product of a neces-
sary and well integrated chain of events. Even though
artiliery pieces are not grossly damaged, skilled per-
sonnel, precise equipment, and intricate comunnica-
tions systems are quite vulnerable to an air burst
atomi,- weapon. Here z.,in there is need for a much
rn re detailed study than has been possible.

Soviet logistics present individual targets waitch
are, in general, small and numerous, and certain vital
parts of the system are more vulnerable to other con-
ventional weapons. The greatest difficulty in evalua-
tion is lack of intelligence informnation. It is judged
that Soviet logistics is not a good planned target
for atomic weapons.

US lugistics is more suszeptible than that .. the
US$.R, especially if operations are ý, the Eurasian
continent, where points become vital to the log-stic
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system. However, the probability is that the S log-
tical system can be made sufficiently invulnerable.

Ground aamlare from 1950 on will be greatly in-
fluenced by the use of atomic weapons.

Atomic weapons can have a decisive elfect on
the defense of western Europe, and from 1952 on
there is high probability of their use in large quantity
by both US and Soviet in support of their gzound opera-
tions. -

A detailed wnd exhaustive study must be made of the
effects of atomic weapons on the tactics oi field armies.

A special study should be made of the effect of zuper-
bombs on ground operations.

RECOMMENDATIONS

Studies should be initiated wherever possible in the
army to investigate in great detail the necessary
changes in the strategy and tactics of ground operations
which must anticipate the use of atomic weapons.

Plans for the defense of western Europe should
consider and require the use of large quantiti.-s of
atomic weapons in support of ground operations.

Consideration should be givento using at least 500
atomic weapons in support of AUied ground operations
in the defense of western Europe.

i0
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ATOMIC iWEAPONS IN WESTERN EUROPE

"'NTRODUCTION

There is a possibility that atomic weapons may
be used in a battle for western Europe within the
next fe.- years. Even though rough, a current
estimate of the value of attainable atomic weaponA
used in support of ground operations is strictly
necessary as a guide to the development of these
weapons and as a preface to military planning for the
defense of western Europe.

It is realized that any complete evaluation of the
importance of atomic weapons in support of ground
operations must take into consideration the over-all
strategy as well as to exhibit in detail the relation-
ship between atomic weapons and all other weapons
which are to be employed in the various anticipated
field operations. Even though such an evaluation is
not now possible, several important phases of
operations may be analyzed in sufficient detail to
define some ess ential limitations on the utility of
atonilic weapons and, more importantly, to demon-
strat,- +hat +hey may in some respects be decisive in
determining the progress of ground operations.

A decision to use atomr'ic weapons against a par-
ticular target and for a particular purpose, whether the
decision be for over-all planning or an actual deccisi-n
of the field commander, must include many factors. At
least, in some respects, a decision to use an atomic
weapon is more involved and of more consequence than
a decision to use any other weapon that has been avail-
able for use in ground operations at any time in history.

The foilowing list is not supposed to be exhaustive.
It is, however, indicative of the complexity of 1Ic p.ub- I
lems involved in deciding to use Pn -.•omic weapon.
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Factors Involved in a Decision to Employ an
Wcapon Against'; Particular TargtM

1. Size and nature of target;

Z. Importance of ihe target in the operatlin;

3. Effect desired, degree and time history of;

4. Availability of atomic weapons;

5. Delivery: means, accuracy, enemy counter-
masures;

6. Danger to friendly troops and equipment;

7. Coordination with scheme of maneuver;

8. Expected enemy reaction;

9. Comparison with other means of neutralizing
targets;

10. Comparison of this attack with other possible
current or future use of atomic weapons;

11. Political considerations.

For the purpose of a preliminary evaluation of
the importance of atomic weapons in support of
graund operations, it will be assumed that a field
arny may be repr -spnted by the following:

1. Forces-

a. Infantry,

b. Armor,

c. Artillery,

d. Tactical Air.

2. Loaistics-

a. Transportation,

b. Storage.

Szo08
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Considering these elements cI force and logistics tics
as targets for atomic weapons, a preliminary analysis dysis
will be made in this paper to indicate the vulnerability bilit
of each target. Where significant differences exist, .Ct
the Soviet situation will be considered sep.-rately from from
that of the US and its Allies. Separate anaiysý_- will Vill
also be made for 1950, 1952, 1955, and 1955-1960,
wherein the number oi atomic weapons and weapons systems
available at each time will he assumed.

Two important principles will now be stated:

1. Tactical planning in advance of the battle ca- -

not evaluate the importance of targets of opportunity. -
Although it is dil!ic-a-Vcrg-6r.c - Me a-target •";t
of opportunity, it is sufficient for the present to men- men-
tion some targets, A fleeting target set up momentarily entarily
in the course of events is certainly such a target. How- How-
ever, infantry maneuvering in the field need not be be

classified as a target of opportunity if it is not necessary ecessary

to know their location very accurately. Hi it I" a ....ci.t.. ,

permanent ts•rget and if intelligence of its existence is
available for planning purposes, then it would not be ** be

so classified. If, however, the existence and descrip- I be

tion of a depot or dump becomes known dvring the e

battle, it probably should be considered a target of eI
opportunity. The suggestion in s ating the above
principle is not that targets of orportunity are unirn- 2ir-
portant; they may even be decisive. PlannMEg, how-
ever, cannot reliably anticipate their importance and a and
this paper wilU not be concerned with such targets.

2. Defense against atomic weapons requires dispersal dispersal
of or m.ore r Frotection ot personnel andfacilities. This His
Toctrine tor defense against atomic weapons been " been
established for some years. Two queastions must al- bt al-

ways be answered: What disperaai is necessary to re- to re-
duce the calculated risk acceptably? How much and and
what kind of dispersal if possible without reducing the ng the
efficiency of 2.4 -ganization? The doctrinr of dizpersal dispersal
is dangerous in application unless it can be . ntified gified
with respect to calculated risk and loss in efficiency. ency.

VULNERABILITY Of A F1MLD BODY

TO ATr,-VG WZ'- ',

As a pLeface to an analysis which shows the relative relative
vulnerability of the various targets presented by a field ; a field

29
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A
army, a discussion of each of the major componentsA'

of the army is given. This material is reproduced in rmodued n
Annex 3-. Becnuse it is imzrnediatel-yý pertinent to th -rduedi
discussion which follows, -it should be read now by Inent to the
those who have not already read Nnnex 3. 4d now by

SYNTHESLIS OF VULNERABITLITY OF
.L I or

GROUND FORCES TO ATOMI1C WEAPONS APN

The argumnents appearing in Annex 3 apply equalfly to jpl equally to
both the USSR an~d the US, except for t~he qualifications I' lfica4i*nS
already noted. Therefore, applicable to both the US ~ot1h the US
and the Soviet military situations, the folloxving is oigi

alist of the conrr-onents ofr a field army in the orderthore
or general suitability for attack with atomic wcapons: ~ic weapons;

1. Artillery,

2. Infantry,

3. Tractical ai.r,

4. Storag.-,

5. Transportation,

6. Armor (prelimini~ry data fr=-m 'urre.it studies retstudies
may raise the position of this target).

Mluch detailed analysis is necessary to sub.,tan- osstn
tiate the conclusionhere that artillery is vulnerable svubstnerb
to an air burst. Tn particuilar, methods of rendering 6f rtendering
artillery less vulnerable than it is at present must Aetms
be scrutiKi-izd. Until possible rý'media1 rneasures are rasrs r
applied, planninS should assume that atomic bombs aneai e bo ibs

used against artillery will have a great effect on gro~und *_fect on ground
operations.

In general, it is considered that there is less is leass
profit i'a -- sing ato.-iic weapons on ii-frantry tu~an on than on
artillery. The detailed analyses "4u' n will be made ~~ emd
in the near future will demonstrate definitely whether ~tely whether
or no' atcomic weapon- snould be uased againist infantry. r.ns inaty
At the prez~ent iime, a platned att;;ck specifically ~ cifically
against infa,.tr-r acý a turZe- f;iiouid _.e considered j idered
of urndetc~rnmited value.
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Tactical air is liated 4here principally beea"ee * the
ovezriding importance of air supremacy. Since- logistics,
is, in general, not susceptible to attack bv atomic
weapo"~, conventional m.eans such as tactical aircraft
with TNT1 bombs, rockets, and guns are required
The personnel, equipment, and planes associated
with air fields are vulnerable to an air b~urst atomic
bomb, but it is again emphiazized here that ipassi~e
a penetrating typr' bomb should be developzd wbicw-
will either weaken the subgrade of an airstrip or
produce an earth movement which will destroy the
runways.

A planned attack on logistics, ceit'her transportation
or storage. or armor, should nct be predicated ozi
the use o' atomic weapons. Logitc ri eea
not goad targetes for atomnic wnap' X-ýiaii it is noted
that in all probability many atomic bomabs can and will
be used against these targets as targets of opportunity.
A plan oi battle, however, may not be devised which
derniands the use of atom-ic weapons to knock out either
logistics or armor.

NEWI WEAPONS

The fact that many possibilities are knowai to the
US ior new atomic weapons demands considerable
caution in the assumption that the US or its Allies
can predict what type of atornaiic wveapons the Soviets
will develop. Much more ican be stwhtd about what type
of at~omic weapons the US cana and ought to develop
for support of gt ound operati ons. In this se~ction the
possibilities for new vre,ýpons which are pertinent
-~re repeated.

FORECAST SCIIEDUfLE FOR DEVELOPJFErT 6FAroT:C.; IFEAPONS

1950:

1. Atomic bomb (more thaq. 20 KT);

Z. PenetraoLng afomnic bacinh.

The most important ualknswn factor in d~~nn
the capabilities of atomic weapc'n- ý)r 19503 is tih-z e1ffectI
of the penetratirg type atomic bomb. Depending on
the ground structure, a sufficient penetration may be

pos.L e, -y dzroppiWng from an airplswte at high altitude,
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to either weaken the substruc tire or produce a
base surge. Again, great emphasis must be placed
on the i .cessity for determining the effectiveness
of a penetrating weapon since, for example, an
air burst atomic bom% %v1 1l not deny the use of an
ai:c ;rip for very long.

1951:

1. Atomic bomb (improved type);

2. Penetrating type atomic bomb with jet assists
to aid penetration.

For some parposes the succcs.•ful- developrm'ent of
an improved higher energy air bomb will be very
importanT but, in general, no great assistance is
anticipated from it in connection with ground operations.
If by this time it has been demonstrated that a penetrating
t•,pe weapon will not produc.e the necessary effect because
of insufficient penetration for 1951, it would be pos-
sible to make other attempts to obtain the necessary
penetration as, for example, by using jets. The pos-
sibilities for atomic weapons in 1951 are substantially the
same as for 1950 with the exception, of course,
Of a greater ziutnber of atomnic bombs and withthe
very1 important possibility that a penetrating type
weapon may be determined useful in ground operations.

1952:

1. Modified atomic warhea6 fir Corporal E or
Hermes A-I guided missiles;

2. hodified weapon for 280mm artillery shell.

The greatest single assistance to ground opura-
tions by way of atomic wo;apons development is in the
developmen+. of an atomic varhead for a guided
missile. The limitations on use in ground operations
imposec by present inaccuracies of high level bombing
have already been discussed. According to present
assumptions, an atomic warhead on a Corporal E
missile with gaidance appropriate to attain an _-s-
tirnated 1,003 feet circular probable error .: f.re-
sibie. It is also predictedý t-hat a syd--cgc sy-1n
can b_Ž developed for Hermes A-1 which will rave
an accuracy of 300 feet circular probable error.
.Bicz.',;e of the restricted range of C(-rporal E or -
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nerznýts A-! (approximately 80 miles), this weapons
sy,•ernm co'dd not be used, of course, to attack tactisal
air iields. Hovwever, its poarsible use against artillery
a4-'d infniutt'v is verv iz-'porta.t. The necessity for
acruoacy .s very grez-t, partifularly in the use oi
az: arornie bomo agai-n3t opposing infantry in order that
no casualties be infli-ted on friendly infantry.,

1955:

I. Modified atomic warmead for Htirxuts A k- guided
missile.

Hermes A-3 will have greater range than Corporal
E (approximately 150 miles) and will b.ý considerahlv
more accurate (est.imated zoo feot circular probable
error). It is difficult at the moment to estiriate the
advantage of the tdditional range or the necessity
for an accuracy of the order indicated. It must
certainly be true that both are to sonne extent
dfsiz"abk. Within ii short time it .4hould be possibl4
to judge the necessity for greater accuracy on the
basic of detailed analyses of the use of atomic
weapons against artillery and infantry. With a
Hermes A-3 guided missile there is a much greater
possibility of destroying a bridge target for which
it has already been stated that a radius of destr iction
for a 20 KT weapon is estimated to be approximately
200 feet.

EFFECT ON GROUND OPERATIONS

At the present time it .-- n be assumed that the
US mas many more atomic bombs then the Soviets.
In a few years, it is very important that the US
have a much larger atomic stockpile thaf, the Sovie,
but is must be assumed that the USSR will have many
4tomic weapors. The US News magazizm recena-
guessed that by 1952 th-e Ua would have 850 atomic
bombs and the USSR would have ,00. Wiihout giving
any credibility to these guesses, one may still use
'he figures in ordzr to talk about concretv examples.
In tChe next. twv, years it can be assu-ned that any
atomic wcaponr used in suonnrt of Allied gro-'i- operas-
tions would far outnurAber thiose whir,', Light b, u'- I
for seir.lar purposes by the USSR. This is the only
ptrizo of time during which it may be assumed -that
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the Ailies would use a markedly greater number o a ornic
weapons in all circumstances. By this is meant that by
195Z the US migih: designate any number of atomic weapons
from zero to e5O for support of ground operations and
the Soviets ,might plan to u-e any number up to 100
for tl,.e same purpose. It is important to deterrmine,
for example, the effect in 1952 of severai hundred
atomic weapons used by th- Allies in support of their
ground operations as against none for a similar pur-
pose by the Soviets. The other extreme is equally
meaningful-that the Sovic+s in 1952 might v,.'e 100
in their own ground operations while the Allies were
using none for the same purpose-while reality must
be somewhere between.

What is the anticipated effect on ground operations
of any given numbar of atomic weapons? Again, it is
acknowledged that a complete analysis must include
all weapons, atomic and others. However, in con-
sidering the possibilities for exploiting atomic
weapons. it is profitable to determine the effectiveness
of a strategy centered around the use cf' larg. qu -...
of a&tomic weapons in support of ground operations.

The Rhine River is approximately 500 miles long from
Basle to the North Sea at Rotterdam. Five hundred air
burst atomic bombs accurately dropped with points of
impact two miles apart could produce almost total
destruction of military strength the full length of the
river in a band four miles wide. Ther'; is no possibility1
of a procedure of this sort. More meaningful is that
with 500 bombs 10 percent of the river front could
be attacked covering virtually all territory to a depth
of 40 miles. These are, of course, schematic representa-
Sans but they f-,; z a g•enral impression that 500
atomic bombs would effectively support a defense of
the Rhine.

A more reains-c ,i .:'e car . i;ai.%?d ctsilcring
popular esiirn.tees ^f +h, rnaqs strength of Soviet attenmpts
to advance fr-rn eaat to west acrois Ji•ope. Sevtrat
planning agencies apparently concur an estimates that
the Soviets wi4O u.'-_ e iozai ol 40 divir,7O :tn four zpear-
-wads 'A .c RhL-,e. t total of 500 at-)mic homlis
averagv¶s r -, " i .an,, d1viiion. -
examination suggests that This is r--_ny nmore .4, U
than %&ou1 ;.&,a'iy rh- uir'ed to knock out one
ui v-,uu (adc.. • c .S i .z;zy c•-ac" tq he d vision
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lives for offensive oper. ions 3,JO0 to, 5,000yar
apart or approdrr.ately t'vo and owe-half miles). Then
if it is reasonable to assume tbh, 400 atomic bombs would
be decisive in conjunction with conventional means to
hold .a line at the Rhine, the more pertiient queition
is: What is the effect of any nuazibr smaller than
500?

On the basis of cur-rent Sokiet and Aliied field prac-
tices, one well-timed and well-placed atomic bomb
v iW, because of its combi-ed efiect on artillery, in-
fant.ry, end logistics, reduce the military effectiveness
of a division of infantry to a point where t1e division
could not support an offensive and wvould be eictremely
vulnerable on ihe defensive. On this basis 100 atomic
bombs must be assumed to have an enormous effect,
Dn the field armies of eithex the Allies or the Soviets.

The following possibilities are now significant for
1952 when, as previously, we assu.e the US will have
850 bombs and USSR 100:

EFFECT OF BONDS USED IN GROtMD OPERATIONS

OiN HOLDMNG A LINE AT THE RHIHE

u±s USSR Remer•s

1. 500 or more ,0 Decisiv for USs
2. o00 to 850s o a ti w04 ndetermanedn depends oe

pondnrance of osoer means:
3. 0 ..... a .. onUS Oocilive for pUcR.

W-•i=i rega'rd tv a hot war ý:tczrting three Or. four

years or more hence, as the preseno time isi.uis
impossible o r ale taany simple estimae of the
effect of the use of atomic weapons in quantity by either
the AllTes or Soviets a , support of f.e-r grtymd opera-

aions. The following are reasod l ,

1. Information on USSR stockpile and production
rate of atomic nnaterials will not be sufficiently
precisre or reliable to give rnore than a general
e--tizz-ate of, Kvu~ntitv. Pf atomic weapons.

SZ. There are r "1 oossibilAties of types of
] weapons inclading _.ne gY, method of delivery, a:--

cu.'•ny, et cetera.
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Appendix B SLVET $eclret

Wt CUARB CL SWMFI.,_, SAREGUAPJS
RECOMMIvENDATIONS

Studie3 should be initiated wherever pos-
sible in the iirmy to intensively and tho-oughly study
the necessary changes in strategy and Lactics in
army operations which must anticipate the use of
atonnic weapons,

2. Plans for the defense of wf strn Europe should
consider and require the use of la-', quantities of
atornic weapons in support of gr, 4 operations.

3. Consideration should be given to the use of at least
500 atomic weapons in support oi Allies ground operations
in the defense of western Europe.
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